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“Anoxemia not only stops the machine but wrecks the machinery.” 
Only a great pioneer in the study of respiration like Haldane* could 
have spoken such truth. His words should be foremost in the mind 
f every surgeon dealing with a patient in shock. They should be fore- 
most in the mind of every anesthetist dealing with a narcotized patient, 
because asphyxia is one of the dangers present in all forms of anesthesia. 
The health and the very life of the patient depend on the surgeon’s 
knowledge and skill in preventing and averting anoxia. The number 

death$ under anesthesia is appalling. Jarman? collected statistics 
from the hospitals of all the English-speaking countries. He received 
detailed reports of nearly 1,300 deaths under anesthesia between 1921 
and 1939, Of this series of approximately 1,300 detailed cases the fol- 
lowing classifications were made: When the anesthetic was specified 
the number of deaths under ether anesthesia alone was 130; under spinal 
anesthesia, 81; under nitrogen monoxide, oxygen and ether anesthesia, 
50; under chloroform anesthesia alone, 29; under intravenous anes- 
thesia, 21. Procedures during which the death occurred included opera- 
tions for acute conditions within the abdomen (121); operations on the 
brain (70) ; appendectomies (65) ; gynecologic operations (61) ; opera- 
tions on the thyroid (43) ; obstetric procedures (43), and operations for 
nonacute abdominal conditions (35). The remainder of the deaths 


From the Department of Surgery and the Hixon Laboratory of Medical 
, University of Kansas Hospitals. 
Haldane, J. S.: Anoxemia, Brit. M. J. 2:65, 1919. 


2. Jarman, R.: Deaths Under Anesthesia from 1921 to Present Date, Brit. J. 
16:100, 1939, 
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occurred during operations on the tonsils, the mastoids and the chest and 
during orthopedic procedures. About 264 deaths have been associated 
with 8,000,000 administrations of intravenous anesthesia. There are 
undoubtedly many more unreported anesthetic deaths. The cases of 
nonfatal asphyxia with subsequent personality, mental and neurologic 
changes are also probably numerous. 

It can be said that all deaths in their final analysis are due to anoxia. 
Present day knowledge of anesthesia and shock, gained from funda- 
mental experiments in the laboratory and clinical observations, is doing 
much to prevent accidental premature anoxia and death or cerebral 
degeneration. Much has been learned from the detailed studies of anes- 
thetic fatalities reported by Courville * and by Hartman.* The specter 
of anoxia is present even at birth. Schreiber and Gates ® have called 
attention to the occurrence of cerebral damage in infants when a com- 
bination of narcotics and nitrogen monoxide anesthesia is used during 
labor. It is hoped that more disseminated knowledge of anoxia and 
its consequences will help to prevent the mortality and morbidity of 
anoxia accompanying operation and anesthesia. For this reason we 
present the following analysis of 2 clinical cases in which death occurred 
and of 2 cases of experimental cerebral degeneration due to anoxia in 
dogs. The literature pertaining to the anoxia produced by the different 
anesthetic agents is also reviewed. 


REPORT OF CASES 


Case 1—A 58 year old white man had an ailment clinically diagnosed as 
carcinoma of the stomach. On his admission to the hospital his red blood cell 
count was 1,850,000 per cubic millimeter and the hemoglobin content was 31 
per cent. Multiple blood transfusions elevated the erythrocyte count to 4,100,900 
and the hemoglobin level to 77 per cent. Preoperative medication consisted of 
1.5 grains of pentobarbital sodium, % grain (0.01 Gm.) of morphine sulfate and 
1499 grain (0.3 mg.) of scopolamine hydrobromide. At the time of operation he 
received 100 mg. of procaine hydrochloride and 5 mg. of pontocaine hydrochloride 
intraspinally, in the third lumbar space. The sensory anesthesia ascended to the 
fourth thoracic level. This anesthetic was supplemented with a mixture of 50 
per cent nitrogen monoxide and 50 per cent oxygen. An exploration of the 
abdomen was then done. Twenty minutes later, during which time he received 
about 150 cc. of physiologic solution of sodium chloride intravenously, the patient 
went into shock. The blood pressure could not be determined; the respirations 
stopped, and the patient showed gray cyanosis. Artificial respiration and inhala- 


tions of 95 per cent oxygen and 5 per cent carbon dioxide were started imme- 


3. Courville, C. B.: (a) Asphyxia as a Consequence of Nitrous Oxide Anes- 
thesia, Medicine 15:129, 1936; (b) Ether Anesthesia and Cerebral Anoxia, Anes- 
thesiology 2:44, 1941. 

4. Hartman, F. W.: Some Etiological Factors and Lesions in Cerebral Anoxia, 
Am. J. Clin. Path. 8:629, 1938. 

5. Schreiber, F., and Gates, N.: Cerebral Injury in the New Born Due to 
Anoxia at Birth, J. Michigan M. Soc. 37:145, 1938. 
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diately. He also received 1.5 cc. of coramine (a 25 per cent solution of pyridine 
hetacarboxylic acid diethylamide), 1 cc. of adrenal cortex extract intravenously 
and 0.5 cc. of a 1 per cent solution of neo-synephrin hydrochloride (5 mg.) intra- 
muscularly. The intravenous administration of fluid was accelerated so that 
when spontaneous respirations were resumed (after twenty-five minutes) he had 
received an additional 200 cc. of physiologic solution of sodium chloride. The 
systolic blood pressure came back to 50 mm. of mercury. The patient then had 
pulmonary edema, and rales were heard all over the chest. Twenty-five per cent 
dextrose was substituted for the physiologic solution of sodium chloride. An 
inoperable carcinoma of the stomach with metastases to the liver was found at 
operation. On the patient’s return to his room, administration of oxygen by nasal 
catheter (8 liters per minute) was started. His blood pressure remained below 
6) mm. of mercury for over an hour and a half and then slowly rose to 118 systolic 
and 80 diastolic in two and one-half hours. The patient did not react from the 





Fig. 1 (case 1).—Section of the cerebral cortex, showing a loose, vacuolated 
anita a eae : 
ratrix and an increase in size of the pericellular spaces. The nerve cells show 
Va ; »S 7 oe i ; . i 
arious stages of degeneration and pyknosis. Some nuclei have undergone chro- 
matolysis. (Low power.) 


anesthetic until the following day. He remained comatose for several days and 
irrational until death, which occurred on the twenty-first postoperative day. 
During this time he showed evidence of extensive cerebral damage. Twelve hours 
ter the operation he was still unconscious and did not respond to vocal or tactile 
stimuli. The blood pressure was 130 systolic and 80 diastolic; the pulse rate was 
136; the respiratory rate was 30, and the rectal temperature was 100.8 F. He had 
some fine fibrillary muscular twichings and later some generalized convulsions. 
His pupils were round, regular and equal. They reacted sluggishly to light. He 
had a fixed stare. Increased muscle tone was present, and all of the deep reflexes 
— hyperactive. Ankle clonus and Babinsky, Gordon and Oppenheim reflexes 
a a The superficial reflexes were absent. Spinal puncture showed the 
ersabeadis: under normal pressure. The patient had a slurred speech. He had 
incontinence of his sphincters and no voluntary muscular coordination. A week 
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before death the deep reflexes were still exaggerated and pathologic toe reflexes 
were present. 

Autopsy —The brain showed typical anoxic changes. The vessels of the 
meninges were somewhat congested and enlarged. The dome of the brain showed 
moderate amounts of clear edema fluid beneath the meninges. Section through 
the cerebral substance revealed an area of cystic degeneration about 1 cm, in 
diameter, located in the left anterior hypothalamic area near the foremost part of 
the internal capsule. Histologic section of the cortex revealed varying degrees 
of anoxic degeneration. Some areas showed shrunken, pyknotic nerve cells. Mild 
degeneration was evidenced by agglutination of the Nissl substance, chromatolysis 
of the nuclei, pyknosis of the nerve cells and increased size of the pericellular 
spaces (figs. 1 and 2). There was also an increase in the perivascular spaces. In 
many instances these contained red blood cells (fig. 3). The stroma of the brain 


Fig. 2 (case 1).—Early degenerative changes in a section of the brain. The 
Nissl substance has granulated and clumped. The stroma is loose, and the peri- 
cellular space is enlarged. (High power.) 


was loose and vacuolated. In some areas devastation necrosis of large numbers 
of nerve cells was seen. 

Comment.—This patient was suffering from chronic anemic 
anoxemia because of a low level of hemoglobin (31 per cent) on admis- 
sion to the hospital. It is interesting to note that his family reported 
that he had shown some mental aberrations before admission to the 
hospital. The patient was often disoriented and had a poor memory 
for recent happenings. These mental changes were probably due to 
the profound anemic anoxemia. Anoxia at the time of operation resulted 
from a number of contributory factors. The preoperative medication 
(with pentobarbital sodium, morphine sulfate and scopolamine hydro- 
bromide) produced mild anoxemia and a mild degree of direct histio- 


toxic 
to the 
tone, 
press! 
impal 
The 1 
proba 
in th 
prodt 
treate 
in th 





vascul 


is loo 


admi 
mild 
tance 
In at 


phys: 


erali; 


Cause 
Was | 
rece 


nt +} 





the 
wed 
ough 
1. in 
rt of 
zrees 
Mild 
lysis 
lular 
In 
brain 


The 
peri- 


mbers 


remic 
dmis- 
orted 
o the 
mory 
ue to 
sulted 
cation 
ydro- 
listio- 


SCHNEDORF ET AL—ANOXIA 173 


toxic action on the brain tissues. The spinal anesthesia, which rose 
to the fourth thoracic level, resulted in a loss of vasomotor and muscular 
tone, so that stagnant anoxia developed because of the fall in blood 
pressure. A tendency toward anoxic anoxemia developed with the 
impairment of respiration due to paralysis of the intercostal muscles. 
The nitrogen monoxide and oxygen supplementing the spinal anesthesia 
probably had no anoxic effect, because 50 per cent oxygen was given 
in the mixture. The development of pulmonary edema, however, did 
produce severe anoxic anoxemia, because, even though the patient was 
treated with 95 per cent oxygen, edema of the alveolar walls and fluid 
in the alveoli decreased the absorption of oxygen. The intravenous 











Fig. 3 (case 1).—Section of the brain, showing a marked increase in the peri- 
vascular space and the presence of blood cells outside the vessel wall. The stroma 
is loose. (Low power.) 


administration of fluids to patients in this condition or to patients with 
mild impairment of renal and cardiac function is of considerable impor- 
tance. With the fall in blood pressure renal activity probably ceased. 
In an attempt to restore the blood pressure the patient was given 0.5 cc. 
of neo-synephrin hydrochloride intramuscularly and about 350 cc. of 
physiologic solution of sodium chloride intravenously. In causing a gen- 
eralized vasoconstriction the neo-synephrin probably helped to restore 
the blood pressure, but at the same time vasoconstriction in the kidney 
caused a cessation of excretion of urine, so that the intravenous fluid 
was retained. We have noted this effect of neo-synephrin on the kidney 
recently in dogs in our laboratory. Finally, the increased permeability 
of the capillaries due to anoxemia facilitated the development of pul- 
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monary edema. Landis* has reported increased permeability of the 
capillaries in the mesentery of the frog during anoxemia. Immediately 
after a three minute period of oxygen lack, fluid filtered through the 
capillary wall at about four times the normal rate. The increased 
permeability of the wall also permitted the passage of protein, thus 
reducing the effective osmotic pressure of the plasma proteins to almost 
half the normal value. 


Thus all of the types of anoxemia played a part in the cerebral 
anoxia and death of our patient: anemic anoxemia on the basis of a 
low preoperative level of blood hemoglobin; stagnant anoxemia due to 
shock and to spinal anesthesia, and anoxic anoxemia due to pulmonary 





Fig. 4.—Section of the cerebral cortex of dog 1. Death was due to cerebral 
anoxia. Note the loose, vacuolated stroma, the increased pericellular spaces and 
the degenerating nerve cells. (Low power.) 


edema and mild histiotoxic anoxia cause1 by the preoperative adminis- 
tration of pentobarbital sodium, morphine sulfate and scopolamine 
hydrobromide. 


Animal Experiments—Anoxic conditions corresponding to those 
observed in our first patient were repeated on 2 dogs to determine 
whether similar cerebral changes would develop. Each dog received 
2 grains (0.12 Gm.) of pentobarbital sodium intravenously, 35 mg. of 
procaine hydrochloride intraspinally and nitrogen monoxide and oxygen 


6. Landis, E. M.: Micro-Injection Studies of Capillary Permeability: iL 
The Effect of Lack of Oxygen on the Permeability of the Capillary Wall to Fluid 
and Plasma Proteins, Am. J. Physiol. 83:528, 1938. 
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Fig. 5—Another section of the brain of dog 1. The degenerative changes are 
typical of anoxia. (Low power.) 
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for one hour. A fall in blood pressure to 40 mm. of mercury was pro- 
duced by trauma to a hindlimb. The spinal anesthetic produced flaccid 
paralysis of the hind extremities and of the abdomen, but the dogs 
exhibited running movements with their forelegs. The animals were 
killed in thirty-six hours, when they were moribund. The brain was 
fixed in situ by gravimetric instillation of a 10 per cent concentration of 
solution of formaldehyde U. S. P. through the cannulated carotid arteries. 
It was then immediately removed, sectioned and again fixed in the soly- 
tion of formaldehyde. 

Histologic sections of the cerebral crotex showed degenerative changes 
similar to, but milder than, those observed in our patient (figs. 4, 5 





Fig. 7 (case 2).—In this case convulsions and death followed ether anesthesia. 
There were typical anoxic changes in the brain stem. Note the loose stroma and 
the increased pericellular and perivascular spaces. Note also the degeneration of 
the cells. (Low power.) 


and 6). The less extensive degenerative changes are probably due to 
the shorter survival period of the animals and to the absence of anemua. 


Case 2.—A 3 year old white boy had been treated on four previous admissions 
to the hospital for bilateral clubfoot. On the present admission he was in good 
general health. The value for hemoglobin was 8 per cent, and the urine was 
normal. Preoperative medication consisted of Yo grain (0.1 mg.) of atropine 
sulfate. Ether anesthesia was maintained over a period of one hour while 4 
bilateral tibial turn was done and a hip spica cast applied. The patient left the 


operating room apparently in good condition but did not react from the anes- 


thetic for several hours. It was then noticed that he had a lateral horizontal 
nystagmus, and soon there developed numerous twitchings of the facial muscles. 
After two hours spasms of the right upper extremity developed, followed shortly 
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by generalized convulsions and cyanosis. He was then given a total of 35 grains 
21 Gm.) of chloral hydrate per rectum over a period of eight hours in an 
attempt to quiet the spasms, and oxygen and coramine (a 25 per cent solution of 
pyridine betacarboxylic acid diethylamide) were given to relieve the cyanosis. 
The respirations became irregular and of the Cheyne-Stokes type. Pulmonary 
edema developed, and there were numerous rales throughout the chest. The child 
died from respiratory failure in an oxygen tent fourteen hours after the operation. 


Autopsy—The brain bulged markedly when the dura was incised. On removal 
it was enlarged and edematous. The choroid: plexus and the blood vessels of the 
brain were congested. Sections through the cortex and brain stem showed vacuola- 
tion of the white matter associated with some extravasation of blood into the 
perivascular spaces and degeneration of the brain cells. Cellular degeneration 
was most marked in the brain stem (fig. 7). This probably accounts for the early 
death of the patient from respiratory failure. 


Comment.—This patient died from cerebral anoxia incidental to 
ether anesthesia. The anoxia which caused the restlessness, twitchings 
and convulsions was made worse by the administration of chloral 
hydrate. Weber* in 1931 reported a case of a 2 year old boy who 
had convulsions while under ether anesthesia. This boy lived but was an 
idiot for the rest of his life. Woolmer and Taylor * reported 4 cases 
similar to ours in which convulsions and death occurred in the late 
stages of ether anesthesia. Lundy ® made a critical analysis of a series 
of 145 cases of convulsions under general anesthesia, 13 of which had 
come under his observation. Ether alone was used in 97 of the cases 
and was responsible for 17 deaths (17.5 per cent). A wide variety of 
causes have been ascribed to the convulsions occurring under ether anes- 
thesia in his series. Courville,*® however, has made an excellent review 
of the subject and reported his studies of 2 cases, and he expressed the 
belief that the convulsions and death under ether anesthesia are due to 
anoxemia in some form. The factor of cerebral anoxia resulting in 


degenerative changes in the brain is apparent in our 2 cases and in our 
? 


2 dogs. 

Cyanosis was used as a criterion for anoxemia in both of our cases. 
It should be kept in mind that anoxemia is present long before cyanosis 
becomes visible and that cyanosis can be present without anoxemia. 
Lunsgaard and Van Slyke *° have pointed out that cyanosis depends on 
the presence of about 5 Gm. of reduced hemoglobin for each hundred 
cubic centimeters of circulating blood. An anemic patient with less than 
5 Gm. of hemoglobin per hundred cubic centimeters of blood cannot 


‘ 7. Weber, P. F.: Complete Mindlessness (Lowest Degree of Idiocy) and 
Cerebral (Cortical) Diplegia After Status Convulsivus Associated with Ether 
\nesthesia, Brit. J. Child. Dis. 28:14, 1931. 


5. Woolmer, R. F., and Taylor, S.: Late Ether Convulsions: A Study Based 
n Four Cases, Lancet 1:1005, 1936. 


9. Lundy, J. G.: Convulsions Associated with General Anesthesia, Surgery 


iFJ/. 


10. Lunsgaard, C., and Van Slyke, D. D.: Cyanosis, Medicine 2:1, 1923. 
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usually become cyanotic until he is moribund. On the other hand, a 
patient with polycythemia and a hemoglobin content of 19 Gm. may 
well have 5 Gm. of reduced hemoglobin per hundred cubic centimeters 
and show cyanosis but not have anoxemia. 


SELECTION OF ANESTHETIC 


In the selection of an anesthetic the surgeon and the anesthetist are 
confronted with its anoxic action. We have reviewed the experimental 
literature pertaining to the anoxic action of the various anesthetics. 

Barbiturates—The barbiturates have been shown to produce various 
degrees of anoxemia in animals and in patients both in small preopera- 
tive doses and in the larger doses which produce surgical anesthesia. 
One of us (Schnedorf*') found that pentobarbital sodium and sodium 
amytal in doses of 30 to 35 mg. per kilogram of body weight given intra- 
venously (average total dose for a 10 Kg. dog, 5 grains [0.3 Gm.]) pro- 
duced an average depression of the arterial blood oxygen saturation 
from a normal level of 93 per cent to the anesthetic level of 68 and 74 
per cent. The depression of blood oxygen was greatest during the first 


hour but persisted over four hours. A more extensive experimental 


investigation of the anoxic action of the different anesthetics was 
reported by McClure, Hartman, Schelling and me.** Narcosis in dogs 
produced by 60 to 70 mg. of evipal (c-c-cyclohexenyl-n-methyl barbit- 
urate) per kilogram of body weight caused a depression of the arterial 
blood oxygen saturation to 79 per cent; seconal (sodium propylmethyl- 
carbinylallyl barbiturate) (10 to 15 mg. per kilogram) also caused a 
depression to 79 per cent. Dial narcosis (0.5 cc. per kilogram of body 
weight) caused a depression to 87.7 per cent in the first hour, and after 
seven hours the arterial blood oxygen saturation was still depressed 
(91.4 per cent). Six grains (0.36 Gm.) of seconal given as a pre- 
operative anesthetic produced variations in the blood oxygen ranging 
from a saturation of 79.7 to 93.5 per cent in the 11 patients studied. 
Ten grains of cyclopal sodium (the monosodium salt of cyclopentenyl- 
allyl barbituric acid) produced a slightly greater depression in some 
patients. The arterial blood oxygen saturation varied from 74 to 89 
per cent in the 7 patients studied. A reduction in blood pressure rang- 
ing from 0 to 40 mm. of mercury systolic and 0 to 20 mm. diastolic 
was observed. The mild anoxemia observed probably resulted from a 
depression of respiration (anoxic anoxemia) and a fall in blood pres- 


11. Schnedorf, J. G.: Oxygen Therapy in Reactions Following Barbiturate 
Anesthesia and Cisternal Intervention, Surg., Gynec. & Obst. 69:305, 1939. 

12. McClure, R. D.; Hartman, F. W.; Schnedorf, J. G., and Schelling, V.: 
Anoxia: A Source of Possible Complications in Surgical Anesthesia, Ann. Surg. 
110:835, 1939. 
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sure (stagnant anoxemia). These workers have also shown by in vivo 
and in vitro experiments that barbiturates have a direct histiotoxic 
action and depress the metabolism of the brain tissue. They have 
found decreased respiration of the brains of dogs anesthetized with 
pentobarbital sodium by an analysis of the oxygen and carbon dioxide 
content of the blood from the carotid artery and the jugular vein. War- 
burg’s analysis of the respiration of slices of brain tissue of rabbits 
narcotized with seconal, pentobarbital sodium, sodium amytal, morphine, 
evipal and avertin with amylene hydrate showed 12 to 28 per cent 
decrease in the respiration of the cerebral cortex. Jowett and Quastel ** 
reported depressions of 6 to 32 per cent in the oxidations of dextrose, 
lactate and pyruvic acid substrates by slices of brain tissue when pheno- 
barbital, chlorbutanol and evipan (evipal soluble) were added. They 
employed the manometric method of Warburg. Using the same method, 
Hundhausen '* has reported a decrease in oxygen consumption by cor- 
tical and brain stem tissues of rabbits anesthetized wits sodium pheno- 
barbital, chlorobutanol, ethyl carbamate (urethane) and evipal. This 
action is probably due to a stabilization of the oxycytochrome of the 
tissues, so that oxygen is not readily removed, as was shown in the 
experiments: of Keilin.*® 

Laidlaw and Kennard ** reported that after barbiturate anesthesia 
in cats and in monkeys numerous dilated capillaries are seen in the 
blood vessels of the hypothalamus. Seevers and Tatum *’ found that 
the prolonged daily administration of 100 mg. of sodium barbital per 
kilogram of body weight to 6 dogs resulted in extensive damage to the 
central nervous system. Capillary dilatation, ring hemorrhages and 
degeneration of nerve cells were observed in the brain at autopsy. 


Nitrogen Monoxide and Oxygen.—The anesthetic effect of nitrogen 
monoxide is probably due in part to the associated oxygen deficieney. 
In its early use as an anesthetic it was given without oxygen. 
As early as 1899, Hewitt ** ascribed the convulsions and cyanosis pre- 
ceding a death under nitrogen monoxide anesthesia to anoxemia. The 
addition of oxygen to the nitrogen monoxide helps to prevent the 


13. Jowett, M., and Quastel, J. H.: The Effects of Narcotics on Tissue Oxida- 
tions, Biochem. J. 31:565, 1937. 

14. Hundhausen, G.: Effect of Cortical and Subcortical Hypnotics on Oxygen 
Consumption of Surviving Tissue from the Cerebral Cortex and Brain Stem, 
Ztschr. f. d. ges. exper. Med. 102:477, 1938. 

15. Keilin, D.: On Oxycytochromes: A Respiratory Pigment Common in 
Animals, Yeast and Higher Plants, Proc. Roy. Soc., London, s.B 98:312, 1925. 

16. Laidlaw, A. E., and Kennard, M. A.: Effects of Barbiturate Anesthesia 
upon the Blood Supply to the Hypothalamus, Am. J. Physiol. 129:650, 1940. 

. 17. Seevers, M. H., and Tatum, A. L.: Chronic Experimental Barbital Poison- 
ing, J. Pharmacol. & Exper. Therap. 42:217, 1931. 
18. Hewitt, F.: Death Under Nitrous Oxide, Lancet 1:1053, 1899. 
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cyanosis but decreases the anesthetic effectiveness. From their studies 
of oxygen and carbon dioxide in the blood of dogs under nitrogen mon- 
oxide anesthesia Leake and Hertzmann” concluded that they could 
not maintain surgical anesthesia without some degree of anoxemia. Green 
and his associates *® found that a high concentration of nitrogen mon- 
oxide was necessary for satisfactory surgical anesthesia in dogs and that 
this was associated with anoxemia. This action is perhaps best illus- 
trated by Clark (from Sollmann **) : 

Volume Per Cen Depth of Degree of 

N:O Oz Anesthesia Asphyxia Relaxation 

80 20 Subconscious analgesia None None 

86 14 Complete analgesia None None 

89 11 Partial anesthesia Slight Slight 

94 6 Complete anesthesia Dangerous Partial 
McClure and his co-workers ** reported variations in blood oxygen 
saturation from 50 to 90 per cent in 20 obstetric patients under nitrogen 
monoxide and oxygen anesthesia. Most of these patients had had 
additional preliminary sedation. Raginsky and Bourne ** observed 
similar variations (48 to 94 per cent saturation) in arterial blood studies 
of 14 patients under nitrogen monoxide and oxygen anesthesia. The 
nitrogen monoxide content of the arterial blood in their patients varied 
from 16.8 to 21.7 volumes per cent. They also found that 80 per cent 
nitrogen monoxide and 20 per cent oxygen was insufficient in some 
instances to maintain anesthesia. 


Ether.—Ether and oxygen is considered by most anesthetists to be 
a relatively safe anesthetic. It is, however, not without its dangers 
and when used in large quantities produces anoxemia. Seventeen 
deaths occurred in the 97 cases of ether convulsions reviewed by Lundy. 
Courville *” expressed the belief that convulsions and death under ether 
anesthesia are due to anoxemia in some form. Jowett and Quastel * 
found that ether may cause an inhibitory effect on the oxidation of 
dextrose, fructose, lactate and pyruvate by brain tissue slices. Shaw, 
Steele and Lamb ** reported the results of studies of the blood of dogs 


19. Leake, C. D., and Hertzmann, A. B.: Blood Reaction in Ethylene and 
Nitrous Oxide Anesthesia, J. A. M. A. 82:1162 (April 12) 1924. 

20. Greene, C. W., and others: The Distribution of Nitrous Oxide and Oxygen 
in the Blood of Dogs During Gas Anesthesia, Arch. Int. Med. 35:371 (March) 
1925. 

21. Sollmann, T.: Manual of Pharmacology, ed. 5, Philadelphia, W. B. Saunders 
Company, 1936. 

22. Raginsky, B. B., and Bourne, W.: Blood Oxygen During Nitrous Oxide- 
Oxygen Anesthesia in Man, Anesth. & Analg. 13:152, 1934. 

23. Jowett, M., and Quastel, J. H.: Effects of Ether on Brain Oxidations, 
Biochem. J. 31:1101, 1937. 

24. Shaw, J. L.; Steele, B. F., and Lamb, C. A.: Effect of Ether Anesthesia 
on Oxygen in Arterial and in Venous Blood, Arch. Surg. 35:1 (July) 1937. 
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anesthetized with ether. They found a decrease in the oxygen satura- 
tion of the arterial blood and concluded that this was indicative of 
anoxic anoxemia. They also noted an increase in the oxygen capacity 
of the blood and an increase in the oxygen content of the venous blood. 
Fuss and Derra *® likewise reported a decrease in the oxygen content 
of arterial blood during ether anesthesia. In view of these experimental 
data and of the anoxic degeneration in the brain of our second patient, 
excessive quantities of this anesthetic should not be used. Oxygen 
should be administered simultaneously in order to insure a normal 
oxygen saturation of the arterial blood. 


Ethylene-—This gas was introduced as a clinical anesthetic by Luck- 
hardt and Carter 2 and by Luckhardt and Lewis ** in 1923. It is not 
associated with any serious dangers of anoxia. This is because anes- 
thesia can be induced with 90 per cent ethylene and 10 per cent oxygen. 
\fter the induction satisfactory surgical relaxation may be maintained 
with 80 per cent ethylene and 20 per cent oxygen. Only 1 patient 
of the 10 reported on in the studies of McClure and his co-workers ** 
had a reduction in the arterial blood oxygen saturation below the level 
expected in view of the preoperative medication with barbiturates and 
morphine sulfate. 


Cyclopropane.—Lucas and Henderson ** advocated cyclopropane as 
an anesthetic in 1929. Satisfactory surgical anesthesia can be maintained 
with mixtures of 25 per cent cyclopropane and 75 per cent oxygen 


(Sollmann*?). Analysis of the gaseous content of the arterial blood 
of 6 patients showed only a slight depression of oxygen in 4, while the 
rest had a normal arterial blood oxygen saturation despite the fact that 
all of them had had morphine or seconal (McClure and others). 
Avertin with Amylene Hydrate——Avertin with amylene hydrate is 
frequently used rectally in small doses (50 to 100 mg. of tribromethanol 
per kilogram of body weight) as a basal anesthetic. Although it is safe 
in doses up to 150 mg. of tribromethanol per kilogram its use in large 
doses for purposes of complete anesthesia should be discouraged. 
Kennedy ?° and Greer *° showed that vasodilatation and a sharp depres- 


25. Fuss, H., and Derra, E.: Decreased Oxygen Content of Arterial Blood 
During Ether Anesthesia, Arch. f. exper. Path. u. Pharmakol. 156:64, 1930. 

26. Luckhardt, A. B., and Carter, J. B.: Physiologic Effects of Ethylene, 
J. A. M. A. 80:765 (March 17) 1923. 

27. Luckhardt, A. B., and Lewis, D.: Clinical Experiences with Ethylene- 
Oxygen Anesthesia, J. A. M. A. 81:1851 (Dec. 1) 1923. 

28. Lucas, G. H. W., and Henderson, V. E.: New Anesthetic Gas: Cyclo- 
propane; Preliminary Report, Canad. M. A. J. 21:173, 1929. 

29. Kennedy, W. P.: Preliminary Note on the Blood Pressure During Avertin 
Anesthesia, Tr. Med.-Chir. Soc. Edinburgh, 1929-1930, p. 142; in Edinburgh M. J. 
September 1930, 


30. Greer, C. C.: Rectal Narcosis with Avertin, West Virginia M. J. 26:538, 
1930. 
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sion in blood pressure may be observed about eight minutes after jts 
administration. There have been noted also an associated decrease in 
the blood volume and a depression of the heart. McClure and his 
associates '* have reported an average blood oxygen saturation of 83 
per cent in 6 dogs narcotized with surgical doses of avertin with amylene 
hydrate (180 mg. of tribromethanol per kilogram of body weight). 
Smaller doses (70 to 90 mg. per kilogram) given to 10 patients 
depressed the oxygen saturation 3 to 20 per cent below normal, and the 
blood pressures showed a consistent fall, ranging from 4 to 62 mm. of 
mercury. Derra and Korth * also reported a 3 to 6 per cent depression 
of the arterial and venous blood oxygen saturation in 9 dogs under 
large doses of avertin with amylene hydrate (5 Gm. of tribromethanol 
per kilogram). 

Spinal Anesthesia.—Many surgeons find spinal anesthesia to be the 
ideal form of anesthesia where it is applicable. It affords complete 
relaxation without loss of consciousness. Spinocaine (a solution of 
procaine hydrochloride, amyloprolamine, ethyl alcohol and _ strychnine 
sulfate) in 1 to 3 cc. doses or procaine hydrochloride in 35 to 50 mg. 
doses is adequate for operations below the umbilicus. Nupercaine 
hydrochloride in doses of 12 to 17 cc. provides adequate relaxation 
for operations on the stomach, the gallbladder and the upper part of 
the abdominal region. Analysis of the arterial blood of 10 patients 
under spinocaine anesthesia showed that as long as no depression of 
blood pressure was obtained the blood oxygen saturation remained 
normal. In 2 instances in which the blood pressure fell 40 to 60 mm. 
of mercury the oxygen saturation also was low (83 and 85 per cent 
| McClure and others] ). Shaw and his associates ** reported an increase 
in the oxygen saturation of the arterial blood and a decrease in the 
oxygen saturation of the venous blood. They regarded the increased 
arteriovenous difference as indicative of mild stagnant anoxemia. As 
a result of experiments on 5 cats, Bradshaw ** concluded that a fall 
in blood pressure following spinal injection of procaine hydrochloride 
is due to paralysis of the vasomotor nerve fibers. Since no further 
fall in blood pressure occurred with anesthesia above the fifth thoracic 
and below the seventh cervical segment, he concluded that the vaso- 
constrictor fibers from the fifth thoracic level down are the important 


fibers in the most common type of blood pressure reaction occurring under 


31. Derra, E., and Korth, J.: Influence of Carbon-Dioxide Inhalation on Gas 
Exchange in Tri-Brom-Ethanol (Avertin) Anesthesia, Beitr. z. klin. Chir. 171:53, 
1940. 

32. Shaw, J. L.; Steele, B. F., and Lamb, C. A.: Effect of Spinal Anesthesia 
on Oxygen in Arterial and Venous Blood, Arch. Surg. 35:503 (Sept.) 1937. 

33. Bradshaw, H. H.: The Fall in Blood Pressure During Spinal Anesthesia, 
Ann. Surg. 104:41, 1936. 
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spinal anesthesia. Doud and Rovenstine ** reported a 47 per cent increase 
in the circulating time when spinal anesthesia extended below this level. 
3urch and Harrison *° determined the cardiac output in dogs by the 
Fick principle. Spinal anesthesia induced by procaine hydrochloride 
resulted in a diminished cardiac output which was secondary and sub- 
sequent to the fall in blood pressure. 

These experimental reports indicate that anoxemia is not a factor 
in spinal anesthesia as long as the blood pressure is maintained. This 
can best be done by avoiding unnecessarily large doses of the spinal 
anesthetic. In addition, prophylactic doses of 5 mg. of neo-synephrin 
hydrochloride, 34 grain (0.045 Gm.) of ephedrine sulfate, 1 cc. of 
epinephrine (1:2,000) in oil or 3% grain 0.045 Gm.) of ephedrine 
sulfate and 0.5 cc. of solution of posterior pituitary given intramus- 
cularly may be used before the spinal anesthetic is given. Additional 
doses should be given throughout the course of the anesthesia if the 
blood pressure fails. In such instances inhalations of high concentra- 
tions of oxygen are indicated. The use of spinal anesthesia for opera- 
tions on the head and neck as advocated by Koster and Kasman ** is 
not advisable, because it depends on the selective paralysis of the 
sensory to the motor nerves. Although the anoxemia following paral- 
ysis of the intercostal nerves may be mild, the interference with respira- 
tion on paralysis of the phrenic nerves (fourth, fifth and sixth cervical 
segments) may produce severe anoxemia. 


ANOXIA IN SHOCK 


In addition to the anoxic action of the anesthetic, the surgeon has 
to contend with the anoxic effects of surgicai and of traumatic shock. 
Munslow, Crawford, McClure and one of us (Schnedorf) ** have 
reported depressions of arterial blood oxygen saturation from 5 to 44 
per cent below normal in 9 dogs and in 12 patients with injuries to 
the head. Oxygen therapy restored the blood oxygen saturation to 
and above normal. Orr and one of us (Schnedorf) ** investigated the 


34. Doud, E. A., and Rovenstine, E. A.: Changes in the Velocity of the Blood 
Flow During Spinal Anesthesia, Anesthesiology 1:82, 1940. 

35. Burch, J. C., and Harrison, T. R.: Effect of Spinal Anesthesia on Cardiac 
Output, Arch. Surg. 21:330 (Aug.) 1930. 

36. Koster, H., and Kasman, L. P.: Spinal Anesthesia for the Head, Neck 
and Thorax: Its Relation to Respiratory Paralysis, Surg., Gynec. & Obst..49:617, 
1929, 

37. Schnedorf, J. G.; Munslow, R. A.; Crawford, A. S., and McClure, R. D.: 
Anoxia and Oxygen Therapy in Head Injury, Surg., Gynec. & Obst. 70:628, 1940. 
: 38. Schnedorf, J. G., and Orr, T. G.: I. The Beneficial Effects of Oxygen 
lherapy in Experimental Traumatic Shock, Surg., Gynec. & Obst. 73:79 (July) 
1941; II. The Beneficial Effects of Oxygen Therapy in Experimental Histamine 
Shock ; III. Oxygen Therapy in Shock Due to Hemorrhage, ibid., to be published. 
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value of oxygen therapy in cases of traumatic and histamine shock and 
in cases of shock produced by hemorrhage in more than 60 dogs. There 
were noted a decrease in the oxygen content and saturation of the blood 
from the femoral artery and vein of dogs in traumatic shock anes- 
thetized with pentobarbital sodium. Oxygen therapy caused a 70 per 
cent increase in the length of life of dogs in traumatic shock, a 7] 
per cent increase in the duration of life of dogs in histamine shock 
and a 17 per cent increase in the length of life of dogs in shock due 
to hemorrhage. In addition, the last-mentioned dogs, which received 
oxygen, withstood the loss of larger volumes of blood. The oxygen 
therapy was less effective in prolonging the life of this group because 
of the loss of oxygen-carrying hemoglobin. 

Aub and Cunningham ** also reported that traumatic shock in cats 
under ethyl carbamate (urethane) anesthesia caused a marked slowing 
of the blood flow and a decrease in the oxygen content of the venous 
blood from an average of 12.3 to 4.8 volumes per cent. A reduction 
in the oxygen content of the arterial blood (from 17.2 to 12.8 volumes 
per cent) was also noted by them. 

Wood, Mason and Blalock *° reported a depression in blood oxygen 
of anesthetized dogs in traumatic shock, in histamine shock and in shock 
due to hemorrhage. Even fifteen minutes of oxygen therapy had a 
beneficial effect on the blood pressure, pulse and respiration of their 
dogs. 

TREATMENT OF ANOXIA 


On the basis of the experimental evidence just reviewed, certain 
conclusions are justified regarding the treatment of anoxia in the sur- 
gical patient. Anoxemia can best be treated by prevention. The 
hemoglobin level of every patient to be operated on should be checked. 
Anemic anoxemia should be prevented by adequate preoperative treat- 
ment and blood transfusions. The hemostasis and the operative technic 
should be such as to prevent unnecessary loss of large quantities of 
blood and the development of shock at the time of operation. In exten- 
sive operations, such as radical amputations of the breast, stomach 
and colon, 600 to 1,000 cc. of blood should be given during the opera- 
tion. This procedure is used routinely in some clinics. 

Even with an effective level of blood hemoglobin maintained, the 
surgeon and the anethetist must exercise care in the selection of 
the preoperative sedatives. In many instances verbal reassurance by the 
surgeon is far better than small doses of barbiturates in allaying the 


39. Aub, J. C., and Cunningham, T. D.: Studies in Experimental Traumatic 
Shock: II. The Oxygen Content of the Blood, Am. J. Physiol. 54:408, 1920. 

40. Wood, G. O.; Mason, M. F., and Blalock, A.: Studies on the Effects of 
Inhalation of a High Concentration of Oxygen in Experimental Shock, Surgery 
8:247, 1940. 
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fears of the patient. If barbiturates are used, only small doses should 
be given. After the rectal administration of avertin with amylene 
hydrate as a basal anesthetic the patient must be watched closely. 
Finally, the selection of a suitable anesthetic should be made. From 
the standpoint of anoxemia only the degree of anesthesia necessary to 
perform the operation painlessly should be used, and those anesthetic 
agents which do not produce anoxemia should be given preference. 
Oxygen should be used in combination with the anesthetics which are 
known to produce mild or severe anoxemia. Should anoxemia and 
shock develop, a moderate Trendelenburg position, inhalations of high 
concentrations of oxygen, artificial respiration and cardiac and respira- 
tory stimulants should be given. Neo-synephrin and epinephrine are 
of great value in restoring the blood pressure, but subsequent pre- 
cautions should be taken not to overload the system with intravenous 
fluids, because of the transient anuria produced by these drugs. It 
should be remembered that oxygen therapy is indicated long before 
cyanosis is present and long after it has disappeared. 


SUMMARY 


The importance of anoxemia in surgery and anesthesia is empha- 
sized. 

Two cases of anesthetic death due to anoxemia are presented and 
analyzed. The anoxic degenerative changes in the brains of the patients 
are demonstrated. Degenerative changes in the brains of 2 dogs sub- 
jected to the same anesthetics and the same type of shock to which 1 of 
our patients had been subjected are also demonstrated. 

The experimental literature relative to the anoxic effect of the various 
anesthetics is reviewed. 

The importance of shock in the production of anoxemia and the 
beneficial action of inhalations of high concentrations of oxygen in cases 
of shock are emphasized. 

The principles of the treatment of anoxemia in surgery and anes- 
thesia are outlined. 
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The study reported here is concerned with the diagnosis, treatment 


and end results of 61 colonic carcinomas less than 2.5 cm. in diameter. 
The patients were examined and treated at the Mayo Clinic during the 
years 1909 to 1934 inclusive. This investigation was prompted by a 


discussion of the advisability of extensive and radical resection for such 
small lesions. The lesions varied from 0.5 to 2.5 cm. in diameter, the 
average being about 1 cm.; lesions of no one size predominated. Pedun- 
culated polypoid growths and carcinomas arising in association with 
multiple polyposis were not considered in this series. 

Thirty-four of the 61 patients were women and 27 were men. The 
youngest was 30 years of age and the oldest 75; the average age was 
54 years. The average duration of symptoms was eight months and 
three weeks; the longest was three years and the shortest three weeks. 

Although the lesions were small, 11 of the 14 which developed above 
the sigmoid flexure caused obstruction ; only 3, however, caused bleeding. 
Of 11 which were within reach of the sigmoidoscope but above the 
reach of the finger, bleeding was the prominent symptom with 7; 
change of bowel habits was noted with 3, and 1 caused no subjective 
or objective symptoms. All lesions in the entire series which were 
found to be more than 10 cm. above the anal canal were reported as not 
palpable by digital examination. Several of the 36 growths that were 
within reach of the examining finger caused more than one symptom. 
Bleeding occurred with 30 of these 36 growths and change of bowel 
habits with 14; with 1 there were no symptoms. 

Twenty-six of the 61 lesions were situated within approximately 
5 cm. of the anus. Fourteen of these were situated on the anterior 
wall of the rectum; 5, on a lateral wall, and 7, on the posterior wall. 


From the Division of Medicine (Dr. Bargen) and the Division of Surgery 
(Dr. Dixon), the Mayo Clinic. 
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Ten of the 61 lesions were located 5 to 10 cm. above the anus. Six 
of these were on the anterior wall; 1, on a lateral wall, and 3, on the 
posterior wall. For 11 lesions that were situated between 10 and 25 cm. 
above the anus, designation of the actual location was difficult. Fourteen 
others of the 61 lesions were proximal to a point 25 cm. above the anus. 

The five year survival rates in relation to the grade of malignancy 
of the lesions (Broders’ classification) are shown in table 1. In general, 
the survival rate decreased as the grade of malignancy increased. 


TasBLE 1—Five Year Survival According to Grade of Malignancy 








Lived 5 Years or Recurrence of 
More After Carcinoma 
Operation More Than 
co “~ —— 5 Years After 
Lesion, Grade Patients Number Per Cent Operation 


10 71 
41 
30 


Total 


TasLE 2.—Five Year Survival According to Invasion of Bowel 
(Dukes’s Classification) 








Lived 5 Years or Recurrence of 
More After Carcinoma 
Operation More Than 
-—_ ~ ——, 5 Years After 
Patients Number Per Cent Operation 


62 2 
14 0 
44 2 


25 


Total j 28 46 
* Growth is limited to wall of intestine. 
+ Growth has extended into the extrarectal tissues. 
; Growth has spread to adjacent lymph nodes. 





The 61 tumors were considered from the standpoint of invasion of 
he intestinal wall according to Dukes’s classification (table 2). Thirty- 
iour of the 61 showed no extramural spread, and 21 of the 34 patients 
lived five years or more after operation. However, 27 tumors spread 
extramurally, and with 14 of the 27 there was local invasion beyond 
the intestinal wall. Only 2 of the 14 patients lived five or more years 
alter operation. Of the 27 patients whose tumors showed extra- 
mural spread, the lymph nodes were involved in 9; 4 of the 9 lived five 
years or more after operation. Four of the 27 patients had hepatic 
involvement ; 1 of these lived at least five years after operation. 

When it is considered that the growths were less than 2.5 cm. in 
diameter, the question may arise why the end results were not better. 
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Accordingly, the data were reviewed carefully in order to determine what 
therapeutic measures had been instituted. The lesions were grouped 
on the basis of location. 

A lesion in the ascending colon was removed by local cautery exci- 
sion. One in the hepatic flexure was treated by ileocolostomy and 
right hemicolectomy. A Mikulicz operation was employed to remove 
a lesion of the transverse colon. Of the 11 lesions which were above 
the proctoscopic field in the left part of the colon, 6 were treated by a 
Mikulicz procedure, 1 by colostomy and Mikulicz resection and 4 by 
extraperitoneal resection. Of the 11 lesions which were within reach 
of the proctoscope but beyond the reach of the examining finger, 1 was 
treated by colostomy and extraperitoneal resection, 1 by combined 
abdominoperineal resection and 1 by transcolonic excision. Three were 
handled by an extraperitoneal operation and 5 by colostomy followed 
by anterior resection. Of 36 lesions within reach of the examining 
finger, 16 were treated by colostomy and posterior resection; 6 were 
treated by resection with establishment of a sacral anus; 5 were treated 
by excision with restoration of continuity of the bowel; 2 were con- 
sidered suitable for combined abdominoperineal resection; 5 were 
eradicated by local cautery excision, and 2 were eradicated by fulguration. 

It appears from these data that the operations performed were as 
radical as those commonly employed in surgical treatment of lesions 
much larger than the average size of the lesions in our group. Analysis 
of results based on the methods of treatment revealed nothing encourag- 
ing. The patient who had been subjected to resection and ileocolostomy 
died subsequently of malignant disease of the colon. Seven of 8 patients 
who had been subjected to a Mikulicz type of operation died subse- 
quently of carcinoma of the colon. Of 8 patients who underwent extra- 
peritoneal resection, 4 died subsequently of carcinoma of the colon. 

Four of the 5 patients who were subjected to colostomy and anterior 
resection died later of colonic malignant disease. Six of the 16 patients 
who were subjected to posterior resection died subsequently of carcinoma 
of the colon. Of 5 patients, whose lesions were excised locally with 
subsequent restoration of the continuity of the intestine, 1 died later 
of carcinoma of the colon. Of the 6 patients whose carcinomas were 
locally excised by cautery, 1 died later of colonic carcinoma. Of the 
6 patients treated by excision with establishment of a sacral anus, 4 
died of colonic carcinoma. Two patients whose lesions had been fulgu- 
rated were alive at the end of five years, and the 3 patients who had 
been subjected to the combined abdominoperineal resection were also 
alive at the end of five years. 

Of the 61 patients 28 were living at the end of five years after treat- 
ment ; 24 of these were free of carcinoma at the time of investigation. 
Five of the 61 patients died immediately after operation. 
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COMMENT 


The small size of the lesions in this group was not a prominent 
factor in determining the ultimate result as far as cure or further develop- 
ment of carcinoma was concerned, nor did the type of surgical procedure 
used for any individual growth constitute the determining factor in the 
ultimate result. The sites of the lesions, their grade of malignancy 
(Broders’ classification) and their types according to infiltration of the 
wall, extramural spread, involvement of the lymph nodes (Dukes’s 
classification) and age of the patients at onset seemed to be vital prog- 
nostic factors. 

Although the primary intention in this study was to ascertain the 
ultimate results obtained by surgical treatment of small carcinomas of 
the colon, analysis of the records has brought forth several interesting 
facts. It may seem surprising that 11 of the patients whose lesions 
were situated cephalad to the sigmoid portion of the colon should have 
symptoms of obstruction. The probable explanation for this is that 
in each of these patients obstruttion of the large intestine was caused 
by intussusception initiated by the presence of tumor and augmented 
by peristalsis. This phenomenon is seen commonly in association with 
carcinoma of the colon and accounts for the not infrequent history of 
recurrent episodes of intestinal obstruction relieved at first by conserva- 
tive measures but culminating in complete intestinal obstruction and 
making surgical intervention imperative. The infrequency of rectal 
bleeding with this group of tumors is remarkable and emphasizes the 
fact that an apparently simple stomach ache may be the only sign of 
carcinoma and that the physician must ever be alert to adjudge such 
a symptom carefully. The youth of some of the patients hardly requires 
emphasis, for it is well known that carcinoma is not confined to persons 
in the later decades of life. 

From the diagnostic standpoint it is significant that none of the 
lesions which were situated more than 10 cm. above the anus were 
palpable by digital examination. (It is commonly believed and taught 
that if the patient is placed in an advantageous position any growth 
situated within the rectum, which is approximately 15 cm. long, can 
be palpated. Although it is probably true that a larger lesion will tend 
by means of its weight to prolapse toward the anus and thus come 
within reach of the examining finger, a smaller lesion will remain in 
its original position. A lesion situated more than 10 cm. above the 
anus will be beyond the reach of the average index finger. ) 


The final results were discouraging. A ray of hope appeared when 
we ound that carcinoma did not occur subsequently in patients in whom 
the growth had been situated on a lateral wall of the rectum, but there 
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were too few of these patients to allow us to announce the discovery 
of a zone of minimal malignancy. Further work is needed to investigate 
this possibility. 

The prognosis in relation to the individual lesions was made on the 
basis of Broders’, MacCarty’s' or Dukes’s method of grading malig- 
nancy and was generally sustained. If the pedunculated growths and 
the lesions associated with polyps in other parts of the colon had been 
included in this series, probably we should have found a higher pro- 
portion of the lower grades of malignant growths. The presence of 
metastatic lesions in the lymph nodes in some of our patients bears out 
the contention of McVay,? who stated that there is no relation between 
the size of the lesion and the extent of metastatic involvement. The 
occurrence of hepatic involvement can be comprehended readily if it js 
realized that this represents an embolic accident caused by invasion of 
a vein by neoplasm. This can occur at any stage in the development 
of a malignant tumor. Although the unfavorable results with growths 
which had exceeded the circumscribed boundaries of the parental tissue 
served only to confirm our impression that the prognosis for tumors of 
this type is not favorable, the number of carcinomas which developed 
where there had not been extramural spread was somewhat unexpected. 
Rankin and Broders,* in considering factors influencing the prognosis of 
rectal carcinomas, stated that if metastatic lesions are absent the grade 
of malignancy is not as important as otherwise. The occurrence of 
new growths after apparently complete surgical ablation suggests that the 
causative factor may reside not in the epithelial cells of the growth 
itself but in the surrounding tissue. MacCarty has stressed the signi- 
ficance of the environmental relations of various cells in the production 
of carcinoma and has drawn particular attention to the influence of 
lymphoid tissue on the nutrition of epithelial cells. Perhaps wide 
resection is necessary to cure. Coffey and one of us (J. A. B.) * empha- 
sized recently the association of large lymph follicles in the submucosa 
with polyps of the colon, and in the same article the belief was expressed 
that the lymph follicles may play a part in the causation of certain types 
of polypoid hyperplasia. In the cases on which this study is based we 
were able to demonstrate changes of this type in the tissue surrounding 
the carcinomas, and, believing that this might be the factor responsible 


1. MacCarty, W. C.: The Genesis of Cancer, Proc. Staff Meet., Mayo Clin. 
12:295-297 (May 12) 1937. 


2. McVay, J. R.: Involvement of the Lymph-Nodes in Carcinoma of the 


Rectum, Ann. Surg. 76:755-767 (Dec.) 1922. 

3. Rankin, F. W., and Broders, A. C.: Factors Influencing Prognosis in 
Carcinoma of the Rectum, Surg., Gynec. & Obst. 46:660-667 (May) 1928. 

4. Coffey, R. J., and Bargen, J. A.: Intestinal Polyps: Pathogenesis and 
Relation to Malignancy, Surg., Gynec. & Obst. 69:136-145 (Aug.) 1939. 
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for some of the recurrent carcinomas, we carried out a detailed histologic 
study of this tissue. In every instance the results suggested the patho- 
genesis of at least some types of new growths ending in polypoid epithelial 
hyperplasia. The significance of tissue changes in the intestinal wall 
adjacent to these neoplasms cannot be overrated. They make it apparent 


that in many cases one is not dealing with recurrence of a removed 
carcinoma but that a new carcinoma, separate and distinct from the 
original growth, has caused death. This probably is the cause of so-called 
recurrent carcinoma in cases in which the lesion has been completely 
eradicated. A comprehensive study of these tissue changes will be 
detailed in a subsequent paper. 

The immediate results of surgical treatment of these cancers were 
entirely satisfactory. There was no subsequent treatment, which brings 
up the question of the possibility and advisability of such treatment. 
There may not be logical or even reasonable postoperative treatment 
at hand, but the possibilities of such treatment should be explored, to 
the end that something may be done to cope with the possibility that 
carcinoma may occur in carcinoma-bearing tissue adjacent to the lesion 
removed. 
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It is now generally agreed that a cancer represents the ultimate phase 
of a definite series of changes rather than a mere fortuitous incident in 
the life of the tissues, and, although the nature of these changes is not 
yet completely understood, it is known that they result from develop- 
mental change, from reaction to prolonged irritation or from unsuccess- 
ful attempts at tissue repair. Evidence giving support to this has been 
accumulated by investigators in three separate fields—experimental 
workers, pathologists and clinicians. 


EXPERIMENTAL WORK 


Experiments have been carried out chiefly on the so-called tar cancer 
in mice. Cramer,’ by applying one of the known carcinogenic substances 
to the skin of mice, was able to produce typical epithelioma in these 
animals. He observed that the process is not continuous but is composed 
of two phases: (a) a process of long duration inducing in the cells a 
condition of “potential” malignancy which is kept in check by the other 
tissue elements and (b) a local breaking down of this resistance which 
allows immediate malignant transformation of the potentially malignant 
cells. He emphasized that the factors governing the local onset of 
malignancy do not reside in the epithelial cells but seem to be attributable 
to the activity of the mesenchymal cell system. Kreyberg? has added 
confirmation to this belief by demonstrating a reaction in the subepithelial 
connective tissue which consists of hyperemia and leukocytic infiltration 


From the Division of Medicine (Dr. Bargen) and the Division of Surgery 
(Dr. Dixon), the Mayo Clinic. ‘ 

1. Cramer, W.: On Experimental Carcinogenesis: The Local Resistance ol 
the Skin to the Development of Malignancy, Brit. J. Exper. Path. 10:335-346 
(Oct.) 1929. 

2. Kreyberg, L.: Ueber pricancerése Gefassveranderungen, Virchows Arch. 
f. path. Anat. 273:367-440 (Sept. 6) 1929. 
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followed by fibrosis. This typical inflammatory response precedes any 
recognizable alteration in the epithelial cells. The work of Murray * and 
Cramer * has further established that a fully developed cancer exhibits 
certain biologic characteristics. While the cancer continues to increase 
by autoplasty and to spread by metastatic growth, in the rest of the 
potentially malignant region, which may be large, no further malignant 
srowth develops. This is due to inhibitory influences exerted on the 
tissues by the presence of the cancer, and the phenomenon has been 
designated “secondary resistance” to distinguish it from the local, or 
“primary, resistance which checks the development of the initial 
malignant growth. Murray’s experiments show that after one growth 
has become established the induction of a second primary growth meets 
with intense resistance and that the tissues apparently are unable to 
react with cancerous proliferation to procedures which initiate it with 
certainty in other animals. The removal of the primary tumor causes 
the resistance also to be removed, and Cramer found that in mice in 
which the growth has been excised, the rest of the potentially malignant 
region being left in situ, a second primary cancer develops in some other 
part of the potentially malignant region, although sometimes as long 
as six months may elapse between the removal of the first and the 
appearance of the second neoplasm. (This period corresponds 
biologically to fifteen years of the life of man and is therefore a factor 
to be considered in evaluating the usual criterion of clinical cure of 


cancer, which is arrest for five or, at the most, ten years.) It is to be 
noted that all these observations have been made on cutaneous cancer, 
and, although Thomas ° has described a technic by which the experiments 
can be repeated by using the large intestine instead of the skin, he has 
not yet made any report of the results of this procedure. 


PATHOLOGIC PICTURE IN MAN 


The relation of gastric ulcer to cancer of the stomach has been 
adequately demonstrated by MacCarty,® and, more recently, Robertson 7 


3. Murray, J. A.: Primary and Secondary Resistance to the Induction of 
Cancer, Scient. Rep. Invest. Imp. Cancer Research Fund 8:75-84, 1923. 

4. Cramer, W.: Resistance and Susceptibility to Cancer, in Adair, F. E.: 
Cancer: International Contributions to the Study of Cancer in Honor of James 
Ewing, Philadelphia, J. B. Lippincott Company, 1931, pp. 20-29. 

5. Thomas, F.: La technique de I’anus contre nature abdominal et de I’intro- 
duction de substances carcénigénes dans un segment colique isolé, chez le rat, 
Compt. rend. Soc. de biol. 118:384-386, 1935. 

i. MacCarty, W. C.: Chronic Gastric Ulcer and Gastric Carcinoma: A Study 
of Five Hundred and Seven Simple Chronic Ulcers and Eight Hundred and 
Ninety-Five Carcinomatous Ulcers, Am. J. Roentgenol. 7:591-596 (Dec.) 1920. 

7. Robertson, H. E.: Ulcerative Gastritis and Residual Lesions, J. A. M. A. 

112:22-27 (Jan. 7) 1939. 
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has commented on the frequency with which inflammatory changes are 
found in the gastric mucosa in association with cancer. In the large 
intestine, however, although it has been observed that cancer tends to 
occur with greater frequency in the presence of certain pathologic con- 
ditions, such as familial polyposis and chronic ulcerative colitis, 
frequently a malignant growth arises in mucous membrane when no 
previous lesion has been suspected or demonstrated. Cain and 
Sensaude,® after examining the structure of a series of small cancers. 
concluded that such growths can be divided into two groups, those arising 
in adenomatous tissue and those occurring in apparently healthy mucous 
membrane. Dukes *® made a careful study of the mucous membrane 
surrounding cancer of the large intestine and stated that in this tissue 
there are localized patches of hyperplasia discoverable only with the 
microscope. He expressed the opinion that adenoma represents a more 
advanced stage of this hyperplasia which has necessitated an architectural 
modification in the normal relation of epithelium to connective tissue in 
order that the greater number of secreting cells may be supported and 
adequately nourished. He suggested that the development of a cancer 
of the colon can be traced through a series of stages, starting with the 
development of patches of epithelial hyperplasia which extend over a 
large stretch of the bowel. As the hyperplasia continues, a crop oi 
sessile adenomas is found in this region. Sooner or later a cancer arises 
either in one of these adenomas or in the neighboring epithelium. This 
hypothesis postulates a potentially malignant state existing in the 
epithelium prior to the development of the actual cancer, but Dukes made 
it clear that the process of carcinogenesis may become arrested at any 
stage by sudden retrogression of the hyperplasia or by pedunculation and 
shedding of the multiple adenomas and therefore may fail to reach its 
destined goal of malignancy. The conception of a potentially malignant 
state has received support from the observations of several pathologists 
and has been described under a variety of names. The condition has 
been studied extensively in the breast, and on the basis of its morphologic 
appearances it has been referred to as “mazopathia” by Cheatle *° and 
as “epitheliosis” by Dawson."* Cytologic studies by MacCarty * have 

8. Cain, A., and Bensaude, A.: Les modes d’apparition du cancer du rectum; 
considérations tirées de l'étude des petits cancers, Arch. d. mal. de l’app. digestif 
27:353-374 (April) 1937. 

9. Dukes, C.: Simple Tumours of the Large Intestine and Their Relation to 
Cancer, Brit. J. Surg. 13:720-733, 1926. ; 

10. Cheatle, G. L.: Precancerous Conditions of the Breast, Cancer Rev. 5:81-95 
(Feb.) 1930. 

11. Dawson, E. K.: A Histological Study of the Normal Mamma in Relation 
to Tumour Growth, Edinburgh M. J. 41:653-682 (Dec.) 1934. 

12. MacCarty, W. C.: Cancer’s Place in General Biology, Am. Naturalist 
52:395-408 (Aug.-Sept.) 1918. 
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revealed certain changes in the essential structure of the nuclei of 
individual cells which establish their potential malignant pathogenicity. 
These changes he called “secondary cytoplasia.” Each terminology, 
however, embodies the fundamental conception of the potentially 


malignant state. 
CLINICAL OBSERVATIONS 


Clinical support for the existence of a potentially malignant state is 
less readily available. While it is sometimes possible to obtain a history 
of intestinal dysfunction immediately preceding the appearance of a 
rectal cancer, as was suggested by Miles,’* more often this story is 
completely lacking, a fact which has led Horder ** to condemn such a 
history as “pure supposition.” Gordon-Watson ** has proposed that in 
routine sigmoidoscopic examination a magnifying lens should be used 
to search for the minute adenomas described by Dukes, but we have no 
record of the success of this undertaking. The relation of fully developed 
adenoma to cancer is widely recognized, but readily visible or palpable 
adenomas are found in only a small proportion of cases of cancer of 
the colon. In summarizing this evidence we may say that, while available 
data indicate that a potentially malignant region exists in the colon prior 
to and coincident with the development of malignancy, they do not 
demonstrate the nature and extent of the potentially malignant region 
with sufficient accuracy to enable it to be recognized and treated by the 
clinician. 

ORIGINAL OBSERVATIONS 

In reviewing the results obtained by surgical treatment in a series 
of small cancers of the colon we were impressed by the high proportion 
of instances in which the lesion recurred locally after the growth had 
apparently been eradicated to the entire satisfaction of both the surgeon 
and the pathologist. Three explanations might be suggested to account 
for such a recurrent lesion: 1. The primary growth may have been 
incompletely removed, and malignant tissue may inadvertently have been 
left behind. 2. Errors in surgical technic may have allowed cancer cells 
to become implanted or inoculated in the edges of the wound. 3. The 
so-called local recurrence may represent a second primary growth arising 
in the epithelium at some distance from the original neoplasm. From 
our material we were able to select 30 specimens with regard to which 
the possibility of incomplete removal or accidental inoculation could be 
eliminated. These were small lesions measuring less than an inch (2.5 
cm.) in diameter with which there had been no evidence of metastatic 


13. Miles, W. E.: Cancer of the Rectum, London, Harrison & Sons, 1926. 
14. Horder, T.: Medical Notes, London, Oxford University Press, 1921. 


15. Gordon-Watson, C.: The Etiology of Rectal Tumours in Relation to Treat- 
ment, Practitioner 126:481-494 (May) 1931. 
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or extramural spread at the time of operation and the removal of the 
growth had ablated a considerable portion of the surrounding tissye. 
Careful histologic examination of the excised surgical specimens showed 
that in each case the cancer had been removed in its entirety. Further- 
more, as in each instance the lesion was small and situated at some 
distance from the point of section of the bowel, little handling had been 
necessary at the time of operation, and so the likelihood of local inocula- 
tion did not exist. We felt justified, therefore, in assuming that any 
“recurrence” which took place in this series must represent a second 
primary neoplasm. The theory of the second primary growth was given 
prominence by Michelsohn ** some fifty years ago. More recently the 
observations of Gordon-Watson, which attempt to correlate the 
phenomenon of recurrence with the existence of a potentially malignant 
region, have awakened new interest in this aspect of cancer, and 
Thompson,** in discussing a growth which appeared to be a “brand new 
tumour” arising at the site where a previous growth had been removed, 
suggested that there may have been some stimulus in the patient which 
provoked the development of the second growth in the same manner and 
in the same situation as the first. 

In our series of 30 cases, 16 patients were alive and free from 
symptoms five years after operation; 5 had died of metastatic growths, 
and so-called local recurrence had taken place in the remaining 9. The 
present study is based on an examination of the specimens which were 
removed at operation in these cases, with special reference to the con- 
dition of the mucous membrane surrounding the primary growth, in an 
endeavor to identify any potentially malignant changes. The methods 
employed were inspection of the gross specimen with the naked eye and 
with a hand lens and histologic examination of sections made from 
various parts of the tissue. On inspection we attempted to discover 
changes in the surface of the epithelium which might be regarded as 
abnormal. The specimens had all been preserved in solution of 
formaldehyde, which made definition more difficult than it would have 
been had the tissue been fresh. With the aid of the hand lens, however, 
we were able to identify the structures which Dukes has described as 
adenomas in 10 of the 30 cases. These were sessile outgrowths from 
the mucous membrane, and they measured from 1 to 4 mm. in diameter. 
They were situated anywhere up to 15 cm. away from the margin of 
the growth and sometimes were difficult to discover among the folds 
of the mucosa. When present, they were usually multiple, although not 
numerous, the average being three or four per specimen. 


16. Michelsohn: Zur Multiplicitat der primaren Carcinome, Inaug. Dissert., 
Berlin, E. Streisand, 1889. 

17. Thompson, J. W.: Secondary Resections in Recurring Carcinoma of the 
Colon, J. A. M. A. 107:1688-1693 (Nov. 21) 1936. 
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In 8 cases an irregularity of the surface of the mucosa was observed. 
This produced an appearance like a “pile carpet” which has been brushed 
the wrong way. It occurred in diffuse patches, some of which lay close 
to the growth while others were several centimeters away from it. In 
the remaining 12 cases we were unable to find any appearance in the 
mucous membrane which could be regarded as abnormal. 

Sections were made and stained with hematoxylin and eosin. 
Examination of these showed changes both in the subepithelial tissue 
and in the epithelium itself. 

The Subepithelial Tissue—tThe significant changes in this tissue 
appeared to have taken place in the muscularis mucosae and in the 
lymphoid tissue. Before describing these changes it is necessary for us 
to enter into a brief consideration of the appearance of these tissues in 
the normal colon. 

The muscularis mucosae is a continuous layer of unstriped muscle 
which lies immediately subjacent to the bases of the crypts of Lieberktthn. 
It separates the glandular epithelial elements from the subjacent loose 
connective tissue, and it is usually covered on its deep surface by a 
delicate sheath of fibrous tissue. It is perforated by numerous relatively 
large blood vessels and lymph channels which are between the submucosa 
and the epithelium (fig. 1@). The function of the muscularis mucosae 
has been shown by Alvarez ** to be the adjustment of tension in the 
superficial epithelial layer by allowing a certain amount of gliding 
movement on the submucosa and thus preventing any damage to the 
delicate secreting cells during active peristalsis or the passage of hard 
scybala. The amount of lymphoid tissue in the subepithelial layer is 
variable. It occurs as aggregations of lymphocytes situated immediately 
below the epithelial layer. Beidermann and Trautmann * have found 
that in carnivora these aggregations lie superficial to the muscularis, 
whereas in herbivora they lie deeper than this layer. Stohr *° has pointed 
out that in man they may lie either superficial to or deeper than the 
muscularis and has drawn attention to their intimate relation to the 
blood vessels which penetrate this layer. Our own observations lead us 
to believe that they arise as perivascular infiltrations about these vessels 

fg. 1b) and that their ultimate situation depends on the amount of 
tension in the surrounding tissues, so that they may come to lie either 
superficial to (fig. 1c) or deeper than (fig. 1d) the muscularis, in 


whichever position there happens to be space to accommodate them. 


18. Alvarez, W. C.: An Introduction to Gastro-Enterology, New York, 
Paul B. Hoeber, Inc., 1940. 


19. Biedermann and Trautmann, cited by Siegmund.*° 


20. Stéhr, P.: Ueber die Entwicklung der Darmlymphknétchen und iiber die 
Kuckbildung von Darmdriisen, Arch. f. mikr. Anat. 51:1-50, 1898. 
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Lymphoid aggregations are absent at birth but appear about fourteen 
days later. They are more numerous in infancy than in adult life, byt 
wide discrepancies are evident in the estimates of the average normal 
number. Hellman ** stated that there are between 7,000 and 21,000 iy 
the colon, but other observers have described single sections of the 
colon in which they have seen from three or four to two hundred and 
forty lymphoid aggregations. Obviously the number must be variable. 
and this can be more readily comprehended when it is realized that the 
lymphocytes do not reside permanently in the submucosa but that their 
sojourn there simply represents a transient phase in the life cycle of 
the cells of the bowel wall. Harrison-Cripps ** expressed the opinion 











Fig. 1—Photomicrograph a shows blood vessels penetrating the muscularis 
mucosae (xX 150). Photomicrograph b shows perivascular infiltration with lympho- 
cytes around a vessel penetrating the muscularis mucosae (x 225). Photomicro- 
graph c shows a lymphocytic aggregation lying superficial to the muscularis 
mucosae, part of which has been broken through; one may note the regular 
normal appearance of the crypts (x 80). Photomicrograph d shows a lympho- 
cytic aggregation deep to the muscularis mucosae; one may note the regularity 
of the epithelium (x 35). 


that the function of lymphocytes in this situation is to replace the 
epithelial cells and to act as a reserve or basal layer. Modern con- 
ceptions of cytology, however, render such a view untenable, and the 


21. Hellman, T. S., cited by Siegmund.°° 


22. Cripps, H.: Cancer of the Rectum: Its Surgical Treatment, ed. 5, London, 
. & A. Churchill, 1907. 
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recent experiments of Bunting and Huston ** have demonstrated that the 
majority of the lymphocytes from the circulating blood normally 
terminate their existence by passing into the lumen of the intestine. 
\ccording to Haden,** the life span of a lymphocyte is less than twenty- 
four hours, and this would indicate that any structure composed solely 
of these cells must be temporary. The size of the individual aggregations 
is also variable. Hofmeister ** stated that they are larger in well 
nourished animals than in poorly nourished ones, and Biedermann has 
demonstrated fluctuations according to the phase of digestion. When 
a lymphoid aggregation becomes very large it may disrupt the con- 
tinuity of the muscularis mucosae. Under pathologic conditions it may 
become encapsulated and acquire a well marked secondary center which 
shows up as a collection of large pale-staining cells in the center of 
the lymph follicle. When this stage has been reached, secondary changes 
become evident in the overlying epithelium. In 100 sections taken at 
random from apparently healthy colons we observed lymphoid aggrega- 
tions of sufficient size to disrupt the muscularis mucosae in only 16 
cases. In no case was there a formation of encapsulated follicles with 
secondary centers. In all but 1 of our cases of carcinoma of the colon, 
however, we found that the muscularis mucosae was disrupted, and it 
is significant that the one exception occurred in a case in which the 
carcinoma had arisen in a diverticulum. In 24 of the 30 cases large 
encapsulated follicles with well formed secondary centers could be 
demonstrated. 

The Epithelium.—Changes were seen in the epithelium only when 
the follicles were fully developed and contained secondary centers. The 
primary change was an irregular proliferation of the glandular structures 
overlying the follicles and the production of atypical glands and cystic 
formation (fig. 2a). It would appear that these changes were secondary 
to and the direct result of the presence of the underlying follicles. The 
subsequent changes were mainly mechanical in origin. Rupture of a 
follicle allows the epithelium to prolapse into its substance, which gives 
rise to the appearance described by Schultze ** and now known as a 
“Schultze picture.” Latta ** has shown that when epithelial cells come 


23. Bunting, C. H., and Huston, J.: Fate of the Lymphocyte, J. Exper. Med. 
33:593-600 (May) 1921. 


24. Haden, R. L.: Principles of Hematology, Philadelphia, Lea & Febiger, 


25. Hofmeister, cited by Siegmund.2° 

26. Schultze, W.: Ueber Beziehungen der Lieberkiihnschen Krypten zu den 
Faroe des Dickdarmes, Zentralbl. f. allg. Path. u. path. Anat. 16:99-103 
(Jan.) 1905. 

27. Latta, J. S.: The Histogenesis of Dense Lymphatic Tissue of the Intestine 
(Lepus) : A Contribution to the Knowledge of the Development of Lymphatic 
‘issue and Blood-Cell Formation, Am. J. Anat. 29:159-200 (July) 1921. 
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into actual contact with lymphoid tissue there is a tendency to su 


pDpres- 
sion of the more specialized goblet cells and the cells remain a a 
primitive undifferentiated state. This was evident in our material. The 
subsequent fate of the prolapsed epithelial cells would appear to be 
governed by the extent of the lymphatic barrier which surrounds them, 
When this is considerable their further progress is checked (fig. 2 5 and 
c), but if it is meager atypical glandular structures composed of primitive 
epithelial cells may escape into the loose connective tissue of the syb- 
mucosa (fig. 2d). 

Here and there the follicles had ruptured into the lumen of the bowel 
and caused ulceration. In the process of healing of the ulcers thus 








c 








Fig. 2—In a there is a large encapsulated lymph follicle showing a well 
marked secondary center. One may note the change in the overlying epithelium 
In b, rupture of a follicle (so-called Schultze picture) is seen, with prolapse « 
epithelium into lymphoid tissue; one may note the cystic glands overlying the 
follicle. In c, the Schultze picture is observed; one may note the hyperchromatic 
epithelial cells above and to the left of the follicle. In d, there is follicle rupture 
with epithelial prolapse; one may note the paucity of the lymphoid barrier. 


formed epithelial cells had become trapped in the deep layers at the bast 
of the ulcer. These cells also exhibited a more primitive and less 
differentiated structure than the normal cells (fig. 3a, b and c). The 
changes caused by the rupture of follicles were not visible with either 


the naked eye or the hand lens. In some regions of the intestinal wall, 
however, the follicles were so numerous that by their influence on the 
overlying epithelium they had produced a gross irregularity of the 
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surface which was recognizable as the “pile carpet” appearance 

previously mentioned (fig. 3d). 

| Occasionally a small patch of epithelium had become isolated from 

the rest of this stratum by a circle of large follicles. Progressive enlarge- 

ment of these follicles had destroyed the muscularis mucosae, and the 
b and epithelium had become “pegged down” to the underlying submucosa by 
nitive the lymph follicles. Contraction of the surrounding muscularis had 
" Sub- tended to approximate these fixed points by centripetal compression, 
and the tissue which they enclosed had consequently become pushed up 


bowel as a little elevation above the surface of the mucosa (fig. 4a). This 


thus was visible with the hand lens and represents the earliest stage in the 











a well Fig. 3—lIn a is shown external rupture of a follicle; desquamation and ulcera- 


) 


elium tion are about to take place. Photomicrograph b shows healed ulceration; one 


pse of may note epithelial cells trapped in the submucosa. Photomicrograph c shows 
ng the healed ulceration in a case of colitis cystica profunda. In d is shown irregular 
‘omatic hyperplasia of epithelium overlying lymph follicles; this gives the “pile carpet” 
-upture appearance on gross examination. 
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iormation of the little structures which Dukes concluded were adenomas. 
Subsequent stages consisted of irregular hyperplasia of the glandular 
structures in the isolated portion of the mucosa (fig. 4), and by the 
continuation of this process the cells had become more primitive in type, 
until finally the characteristic appearances of secondary cytoplasia were 
| wall, evident (fig. 4c and d). While changes were taking place in the 


less 


The 


epithelium, traction, possibly by the passage of fecal material over the 
the suriace of the epithelium, had caused the structure to become elongated 





02 ARCHIVES OF SURGERY 


and extruded further into the intestinal lumen and thus to form a more 
or less definite polyp. The lymphoid tissue at the base of this polyp 
was slowly replaced by fibroblasts, so that ultimately the polyp came to 
possess a well developed fibrous core. 

In summary, then, we have observed changes in the tissues sur- 
rounding cancers of the colon. These changes consisted primarily of 
the enlargement of the lymphoid aggregations in the submucosa with 
resultant damage to the muscularis mucosae. The subsequent develop- 
ment of large encapsulated follicles with secondary centers produced 
associated changes in the epithelial cells. By rupture of the follicles 
some of these cells became displaced into the submucosa. In some cases 
portions of mucosa became isolated by an encirclement of lymph follicles 














Fig. 4—In a, early polyp formation is present; one may note disruption of 
the muscularis mucosae by lymph follicles. Intervening epithelium is being 
extruded into the lumen of the bowel. In b, one notes an early polyp with com- 
mencing hypoplasia of the glands; in c, a later stage of development of the polyp 
(one may note that the lymphoid tissue at the base is becoming replaced by 
fibrous tissue), and in d, secondary cytoplasia in the cells of the polyp shown 
in ¢; one may note large atypical nuclei with large nucleoli. 


and became pinched up into the form of polyps. Changes were alse 
noted in the cells of these polyps. 


COMMENT 
Bland-Sutton,”* in discussing the histologic character of a certain 
tissue, stated: “It is well to emphasize the point that the microscopical 
28. Bland-Sutton, J.: Surgical Diseases of the Ovaries and Fallopian Tubes, 
Including Tubal Pregnancy, Philadelphia, Lea Brothers & Co., 1891. 
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characters of the mucous membrane do not admit of any difference of 
opinion. The question is one of interpretation.” With the microscope 
and sections of dead tissue one can see only the structure, and although 
John Hunter *® has said that structure is the ultimate expression of 
function the nature of this function can be but a matter for conjecture. 
This criticism must therefore be applicable to much of what follows. 

It is apparent that the tissues in the neighborhood of cancer of the 
colon differ from those of the healthy colon, and the primary change 
appears to lie in the development of large lymph follicles in the sub- 
mucosa‘ around the blood vessels. We have mentioned that these 
structures are represented in the normal colon, but in a lesser degree. 
Disruption of the muscularis mucosae is rarely seen in health, and 
secondary centers have not been observed. We also have cited the view 
of Bunting and Huston that the majority of the lymphocytes in the 
circulating blood eventually pass into the lumen of the bowel, presumably 
to neutralize the toxins of the intestinal contents by the specific action 
of the lipase which they contain. It is possible that the demand for 
lymphocytic action may be intermittent and related to the phases of 
digestion, as is suggested by the work of Biedermann, and that the 
aggregations of cells in the submucosa may be held to represent a phase 
of “storage” prior to their discharge into the lumen of the bowel. 

Large encapsulated follicles with secondary centers are commonly 
associated with the recognized inflammatory lesions of the colon. 
Siegmund *° has drawn particular attention to the presence of large 
follicles in cases of enteritis nodosa, and Hadfield ** recently has shown 
that the earliest change associated with regional enteritis is the appear- 
ance of large lymph follicles containing giant cells. The pathologic 
process of chronic ulcerative colitis follows a sequence which is similar 
but more acute. We have demonstrated in the past that in this disease 
miliary thrombosis of the vessels in the submucosa is followed by miliary 
abscesses, which in turn form miliary ulcers. 

The secondary changes in the overlying epithelium are also found in 
observed association with the recognized infections. Cystic gland 


formation has been described in two situations: superficial to the 
muscularis mucosae in cases of colitis cystica superficialis (Virchow * ) 


29. Hunter, J., cited by Garrison, F. H.: An Introduction to the History of 
Medicine, ed. 3, Philadelphia, W. B. Saunders Company, 1921, p. 355. 

30. Siegmund, H.: Die Beteiligung des lymphatischen Gewebe des Darmes 
an entzundlichen Veranderungen, in Henke, F., and Lubarsch, O.: Handbuch der 
speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1929, 
vol. 6, pp. 311-332. 

31. Hadfield, G.: The Primary Histological Lesion of Regional Ileitis, Lancet 
2:773-775 (Oct. 7) 1939. 

52. Virchow, cited by Orth.3% 
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and beneath this layer in cases of colitis cystica profunda (Orth *). 
Ulceration is a feature common to regional enteritis and chronic 
ulcerative colitis, but in both instances it is secondary to changes in the 
submucosa. The changes which we have observed in our material woul 
therefore appear to resemble those occurring with recognized inflamma- 
tions of the colon, except that they are milder. That is to say, they 
represent subclinical inflammatory processes. 

We have been able to trace the development of small polypoid 
growths in the mucosa. The nature of these structures can best be 
understood by realizing that they belong to the inflammatory group of 
polyps according to the classification of Wesson and one of us 
(Bargen) ** and that they are not true adenoma. The adenomatous 
polyp has been depicted by Schmieden and Westhues * as arising from 
a primary epithelial hyperplasia. Polyps of this type, which are com- 
monly seen in cases of familial polyposis, represent a congenital error 
of development of the epithelium itself and are in no way related to the 
process we have described. We believe that many misconceptions have 
arisen through failure to recognize this fact. Dukes expressed the 
opinion that the small polyps he saw in the mucous membrane sur- 
rounding cancers were of the adenomatous type. He observed the 
presence of the lymph follicles around the necks of the polyps, but he 
believed that this was a secondary change and represented a “collar 
catarrh.”” Graham,** on the other hand, maintained that all polyps are 
inflammatory in origin and that they arise as the result of irritation 
and infection in a susceptible person. Inflammatory change is commonly 
associated with these tumors, and it is possible for the two types of 
polyps to coexist in the same bowel. Inflammatory polyps arising in 
chronic ulcerative colitis by isolation of patches of mucous membrane 
have been described by Struthers.*7 The process which we have 
described is again similar in nature but milder in degree. Coffey and 
one of us (Bargen) ** noted the frequent association of large follicles 
and polyps and expressed the opinion that the follicles were the result 

33. Orth, J.: Ueber Colitis cystica und ihre Beziehungen zur Ruhr, Berl. klin. 
Wehnschr. 29:681-687 (July) 1918. 

34. Bargen, J. A., and Wesson, H. R.: Classification of Polyps of the Large 
Intestine, Proc. Staff Meet., Mayo Clin. 9:789-794 (Dec. 26) 1934. 

35. Schmieden, V., and Westhues, H.: Zur Klinik und Pathologie der Dick- 
darmpolypen und deren klinische und pathologisch-anatomischen Beziehungen zum 
Dickdarmkarzinom, Deutsche Ztschr. f. Chir. 202:124, 1927. 

36. Graham, H. F.: Multiple Adenoma of Colon (Polyposis), Am. J. Surg. 
5:234-240 (Sept.) 1928. 

37. Struthers, J. E.: Multiple Polyposis of the Intestinal Tract, Am. J. Surg. 
72 :649-664 (Dec.) 1920. 

38. Bargen, J. A., and Coffey, R. J.: Intestinal Polyps: Pathogenesis and 
Relation to Malignancy, Surg., Gynec. & Obst. 69:136-145 (Aug.) 1939. 
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of a subclinical inflammation and that they might be intimately connected 
with the formation of polyps. Our own material convinces us that the 
changes in the follicles are the primary stage in the formation of polyps 
and demonstrates clearly that epithelial changes do not take place until 
the follicles have reached a large size and possess secondary centers. 
This is in keeping with the sequence of events seen in other diseases, 
and it seems to be in accordance with the general laws of pathology that 
the inflammatory reaction should take place in the mesodermal tissue 

ither than in the epithelial cells. It is hard to see how an epithelial 
cell which has no phagocytic or other defensive powers could respond 
to an irritant except by degeneration or disintegration. It must be 
remembered that any reaction which is commonly seen among the 
epithelial cells, such as leukoplakia or hyperkeratosis, is essentially 
degenerative. It seems more probable that the epithelial hyperplasia 
represents a disordered attempt to repair the damage which has been 
done to the cells. 

Changes in the tissues in the vicinity of cancer have been demon- 
strated in our specimens. Are these changes “potentially malignant” ? 
Our strongest affirmative argument is that in a considerable proportion 
of cases cancer did develop in this tissue. This fact and the discovery 
in the tissue of cells showing definite secondary cytoplasia lead us to 
believe that we have established the existence in our cases of a potentially 
malignant region existing prior to and coincidentally with the develop- 
ment of cancer. We believe that this is the result of a subclinical 
inflammation and is in every way comparable to the potentially malignant 
region described by the experimenters. The extent of this region we 
were not able to ascertain, but we observed changes as far as 15 cm. 
away from the primary neoplasm. We were unable to form any definite 
opinion as to the nature of the irritant which stimulated the reaction. 
It is possible that some definite carcinogenic agent may have been 
present in the contents of the bowel, but it is more likely that the 
irritant was nonspecific and represented the action of some low grade 
chemical or of bacteria. 


Te 


The actual development of malignancy in the potentially malignant 
region begins in those cells which have become isolated from the 
remainder of the epithelial layer, either by burial in the submucosa or 
by segregation as polyps. The factor common to these isolated cells 
would seem to be their altered environment. MacCarty * has drawn 
attention to the importance of local starvation in the causation of 
migratory hyperplasia, a conception also favored by Warburg,*® and 
it seems probable that this is the factor of prime significance in this 


39. MacCarty, W. C.: The Genesis of Cancer, Proc. Staff Meet., Mayo Clin. 
:295-297 (May 12) 1937. 

40. Warburg, O.: The Metabolism of Carcinoma Cells, J. Cancer Research 
:148-163 (March) 1925. 
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instance. The role of the lymphocytes in this respect is doubtful. 
MacCarty, in papers written with Mahle ** and Kehrer,* has shown that 
the local lymphocytic response has a definite relation to the prognosis 
of cancer, and Murphy and Sturm ** have demonstrated experimentally 
that lymphoid tissue exerts a resisting influence on the development 
of malignancy. This would appear to have some bearing on the signifi- 
cance of the Schultze pictures and the lymphoid barrier which we 
already have mentioned. It may well be that the function of the lympho- 
cytes in the situation is to check the spread of the hyperplasia until the 
fibroblasts have had time to build a stronger wall for this purpose, 
If the lymphocytic barrier is small, the epithelial cells can break through 








c 








Fig. 5.—Photomicrograph a shows carcinoma which has arisen on the basis 
of a polyp; photomicrograph b, carcinoma developing by the amalgamation of 
several polyps; photomicrograph c, carcinoma resulting from rupture of a follicle 
or from ulceration. Photomicrograph d is of the section shown in c, viewed 
under high power objective to demonstrate the abrupt change from normal to 
cancerous crypts at the point where the muscularis mucosae has been ruptured. 


into the loose connective tissue of the submucosa (fig. 2), where there 
is little to impede the spread of the neoplastic process. 

41. MacCarty, W. C., and Mahle, A. E.: Relation of Differentiation and 
Lymphocytic Infiltration to Postoperative Longevity in Gastric Carcinoma, J. Lab. 
& Clin. Med. 6:473-480 (June) 1921. 

42. MacCarty, W. C., and Kehrer, J. K. W.: Possible Defensive Factors im 
Cancer of the Rectum (a Study of One Hundred and Two Cases), J. Lab. & 
Clin. Med. 7:602-606 (July) 1922. 

43. Murphy, J. B., and Sturm, E.: Effect of Stimulation of the Lymphocytes 
on the Rate of Growth of Spontaneous Tumors in Mice, J. Exper. Med. 29:31-34 
(Jan.) 1919. 
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Fitzgibbon and Rankin ** were able to trace 22 of 24 cancers directly 
back to polyps, and Swinton and Warren *° were able to demonstrate 
that 14 per cent of their series of malignant tumors involving the colon 
had arisen in mucosal polyps. Dukes, too, was able to show from the 
structure of certain cancers that they had developed from polyps. 
Some of our own cases (fig. 5a and b) illustrate this clearly. In other 
cases, however, there was no evidence of polyps, and we believe that 
cancer in these cases arose from atypical epithelial cells buried in the 
submucosa as a result of either ulceration or rupture of the follicle 
(fig. 5c and d). This is the type of lesion which Cain and Bensaude 
described as arising in normal mucous membrane but which we believe 
develops in a region that has already undergone potentially malignant 
change. The structure of the small cancer reported by Raven ** sug- 
gests this mode of origin. 

The practical significance of the potentially malignant region is two- 
fold. In the first place, if one could find some method of recognizing 
this condition clinically it might be possible to prevent the development 
of cancer, but as the condition can be recognized only histologically 
this would seem to be a vain hope. The second point of surgical impor- 
tance is the fact that the potentially malignant region is larger than 
the primary growth. If the growth is removed by conservative excision 
this tissue remains behind, and with it remains the risk of a recurrent 
lesion, or, rather, of the development of a second primary neoplasm. 
The problem to be solved is the treatment of the potentially malignant 
tissue, and time will tell whether this can be done most efficiently by 
radical surgical removal of the bowel in the neighborhood of the cancer 
or by widespread irradiation of the tissues after conservative treatment 
of the primary growth. 

SUMMARY 


A “potentially malignant” region exists in the colon prior to and 
coincidentally with the development of cancer, and this region is con- 
siderably larger than the part which is occupied by the cancer itself. 
This region represents the reaction of the tissues to some extraneous 
influence. As it is an inflammatory reaction, the cells primarily con- 
cerned are the mesoblastic cells, which are the natural defensive cells 
of the body. The effect on the epithelial cells is secondary and repre- 
sents a stage of partial destruction or impairment of nutrition followed 


44. Fitzgibbon, G., and Rankin, F. W.: Polyps of the Large Intestine, Surg., 
Gynec. & Obst. 52:1136-1150 (June) 1931. 
45. Swinton, N. W., and Warren, S.: Polyps of the Colon and Rectum and 
Their Relation to Malignancy, J. A. M. A. 113:1927-1933 (Nov. 25) 1939. 


46. Raven, R. W.: Early Carcinoma of the Rectum. Proc. Rov. Soc. Med. 
32:907-908 (June) 1939, 
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by a stage of attempted repair. Multiple familial polyposis represents 
a separate entity which is not inflammatory in origin but results from 
an inborn error of development of the epithelial cells and therefore has 
an entirely different anatomic structure. The subclinical inflammatory 
processes resemble in every way the recognized clinical forms of colitis. 
and the two differ only in degree. The process of repair manifested 
by the epithelial cells may become disordered (1) if a portion of the 
epithelium is isolated from the rest of the layer by a ring of lymphoid 
tissue, as occurs in the formation of polyps, or (2) if epithelial cells 
become displaced into the deeper part of the submucous tissue, as may 
happen after rupture of a follicle with or without ulceration. This 
process of repair in cells removed from their normal situation may give 
way to malignant anaplasia. Malignant change in the epithelial cells 
is the result not of chronic irritation or of any specific action of a “carci- 
nogenic agent” but of change of environment of the cells. The potentially 
malignant region does not represent any specific reaction on the part 
of the tissues but is simply a region in which an inflammatory reaction 
has led to a disturbance of the normal environmental relation of some 
of the epithelial cells. 
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STUDIES ON PROSTATIC CANCER 


THE EFFECTS OF CASTRATION ON ADVANCED CARCINOMA 
OF THE PROSTATE GLAND 


CHARLES HUGGINS, M.D. 


R. E. STEVENS Jr, M.D. 
AND 
CLARENCE V. HODGES, M.D. 


CHICAGO 


The thesis of this work may be briefly summarized. In many 
instances a malignant prostatic tumor is an overgrowth of adult epithelial 
cells. All known types of adult prostatic epithelium undergo atrophy 
when androgenic hormones are greatly reduced in amount or inactivated. 
In this paper evidence is presented that significant improvement often 
occurs in the clinical condition of patients with far advanced cancer of the 
prostate after they have been subjected to castration. Conversely, the 
symptoms are aggravated when androgens are injected. We believe that 
this work provides a new concept of prostatic carcinoma. 

The evidence that prostatic carcinoma is often composed of an adult 
type of epithelium derives from a study of such tissue with respect to the 


phosphatase which manifests optimum activity at py 5. An important 


advance in the technic of investigation of the prostate gland was made 
by Kutscher and Wolbergs,! who found that this enzyme is present in 
large amounts in adult human and monkey prostate glands; indeed, this 
phosphatase is present in prostate tissue in larger amounts than any phos- 
phatase in any other tissue. Gutman and Gutman?’ found that the 
enzyme is present in small amounts in infancy and childhood and is 
increased during puberty to the high values found in the adult. These 


From the Department of Surgery, University of Chicago. 
Dr. Hodges is a Fellow of the Douglas Smith Foundation for Medical Research 
{ the University of Chicago. 
This investigation was supported by a grant from the Committee for Research 
Problems of Sex of the National Research Council. 
1. Kutscher, W., and Wolbergs, H.: Prostataphosphatase, Ztschr. f. physiol. 
236: 237, 1935. 
2. Gutman, A. B., and Gutman, E. B.: “Acid” Phosphatase and Functional 
of the Prostate (Man) and Preputial Glands (Rat), Proc. Soc. Exper. 
& Med. 39:529 (Dec.) 1938. 
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workers * also found in the prostate of immature monkeys traces of the 
substance which became markedly increased by injections of androgen 
but not by administration of estrogen. Gutman, Sproul and Gutman ‘ 
observed that, in addition to alkaline phosphatase with optimum activity 
at Pu 9, acid phosphatase was markedly increased at the site of osteo- 
plastic metastases of prostate carcinoma. In 1938 Gutman and Gut- 
man ° and Barringer and Woodard ° found that acid phosphatase in the 
blood serum of many patients with metastatic lesions from prostatic car- 
cinoma was increased above the value for normal men. Serial. long 
range study of the acid phosphatase levels in the serum of patients with 
prostatic cancer was first carried out by Robinson, Gutman and Gut- 
man,’ who stated that an upward trend of the curve may signify further 
metastatic involvement. This method has since been used by others 
(Woodard and Higinbotham *; Huggins and Hodges *). 

It has long been known that prepuberal castration usually prevents 
the development of the prostate gland, while castration in adult life 
causes regression of the accessory sex glands; exceptions are known to 
have occurred only in rodents. White *® and Cabot ™ reported that 
castration often brought about clinical improvement in men with benign 
prostatic hypertrophy, with decrease in the size of the gland ; reexamina- 

3. Gutman, A. B., and Gutman, E. B.: Adult Phosphatase Levels in Pre- 
pubertal Rhesus Prostate Tissue After Testosterone Propionate, Proc. Soc. Exper 
iol. & Med. 41:277 (May) 1939. 

4. Gutman, E. B.; Sproul, E. E., and Gutman, A. B.: Significance of Increased 
Phosphatase Activity of Bone at Site of Osteoplastic Metastases Secondary t 
Carcinoma of Prostate Gland, Am. J. Cancer 28:485 (Nov.) 1936. 

5. Gutman, A. B., and Gutman, E. B.: An “Acid” Phosphatase Occuring in 
the Serum of Patients with Metastasizing Carcinoma of the Prostate Gland, J 
Clin. Investigation 17:473 (July) 1938. 

6. Barringer, B. S., and Woodard, H. Q.: Prostatic Carcinoma with Extensive 
Intraprostatic Calcification, Tr. Am. A. Genito-Urin. Surgeons 31:363 (May) 
1938. 

7. Robinson, J. N.; Gutman, E. B., and Gutman, A. B.: Clinical Significance 
of Increased Serum “Acid” Phosphatase in Patients with Bone Metastases 
Secondary to Prostatic Carcinoma, J. Urol. 42:602 (Oct.) 1939. 

8. Woodard, H. Q., and Higinbotham, N. L.: Serum and Tissue Phosphatase 
Determinations, J. A. M. A. 116:1621 (April 12) 1941. 

9. Huggins, C., and Hodges, C. V.: Studies on Prostatic Cancer: I. The 
Effect of Castration, of Estrogen and of Androgen Injection on Serum Phos- 
phatases in Metastatic Carcinoma of the Prostate, Cancer Research 1:293 (April) 
1941. 

10. White, J. W.: The Present Position of the Surgery of the Hypertrophied 
Prostate, Ann. Surg. 18:152 (July) 1893. 

11. Cabot, A. T.: The Question of Castration for Enlarged Prostate, Ann 
Surg. 24:265 (July) 1896. 
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tion of this problem ** confirmed their results and showed that epithelial 
atrophy was present three months after orchidectomy. In senile dogs 
with spontaneous cystic enlargement of the prostate, castration or the con- 
trolled administration of estrogen ** eliminates prostatic secretion and 


pre yduces prostatic atr¢ yphy. 


Kahler ** found no correlation between the number of interstitial 
cells in the testes and the presence or absence of carcinoma of the pros- 
tate gland. In assays of the urine in 3 cases of prostatic cancer an 
increased output of estrogen and androgen was not demonstrated.*® 

Counsellor ** stated that metastases from carcinoma of the prostate 
gland subsided after administration of a sterilizing dose of roentgen rays 
to the testis; he presented no evidence for this statement, however. 
Young 1" castrated 2 patients with prostatic cancer, with negative results. 
Huggins and Hodges ® made serial observations on the levels of acid 
phosphatase in the serum of 8 patients in the present series and demon- 
strated by this objective method that castration and administration of 
estrogen caused a significant decrease of this enzyme and administration 
of androgen increased it. The present paper is concerned with an evalu- 
ation of the clinical changes induced by such endocrine modifications and 
with a description of the prostate glands and the testes of patients with 
prostatic cancer. 

METHODS AND MATERIAL 

Twenty-one consecutive patients with demonstrable metastases or local extension 
of prostatic cancer outside the capsule of the prostate were treated by orchidectomy. 
No patient was refused treatment because of the severity of his illness. The 
diagnosis was established by standard methods.® 

Determinations of the levels of acid and alkaline phosphatases in the serum 
were made by the method of King and Armstrong, as previously described,® and 
were expressed in the units defined by them. All levels of serum phosphatase in 
this paper are expressed in units per hundred cubic centimeters of serum. Available 


12. Huggins, C., and Stevens, R. E.: The Effect of Castration on Benign 
Hypertrophy of the Prostate in Man, J. Urol. 43:705 (May) 1940. 

13. Huggins, C., and Clark, P. J.: Quantitative Studies on Prostatic Secretion: 
Il. The Effect of Castration and of Estrogen Injections on the Normal and on 
the Hyperplastic Prostate Gland of Dogs, J. Exper. Med. 72:747 (Dec.) 1940. 
14. Kahler, J. E.: Carcinoma of the Prostate Gland, J. Urol. 41:557 (April) 
939, 

15. Dingemanse, E., and Laqueur, E.: The Content of Male and Female 
Hormone in the Urine of Patients with Prostatic Hypertrophy, J. Urol. 44:530 
(Oct.) 1940. 

16. Counsellor, V. S., in discussion on Herrell, W. E.: Relative Incidence of 
Oophorectomy in Women With and Without Carcinoma of Breast, Proc. Staff 
Meet., Mayo Clin. 11:785 (Dec.) 1936. 


17. Young, H. H., in Cabot, H.: Modern Urology, Philadelphia, Lea & Febiger, 
1936, vol. 1, p. 887. 
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histologic sections of prostate were studied for the presence of acid ani alkaline 
phosphatases by the methods of Gomori.!® 

Castration was usually done with the area under local procaine hydrochloride 
anesthesia. As much of the spermatic cord and serous membranes as possible was 
left, and drainage was not used. In addition, transurethral resection of the prostate 
was done in cases 2, 3, 5, 8, 9, 20 and 21, and suprapubic removal of the prostate, 
which showed benign hypertrophy, was carried out in case 1. Roentgen therapy 
was not used in any case. 

Of the 21 patients, 15 had roentgenologically demonstrable metastases in the 
pelvis or the spine; most of the patients had both osteoplastic and osteolytic iesions: 
in case 1 there was a pathologic fracture of the pubis. Three patients (cases 4, 10, 
13) had cardiac decompensation. Seven patients were confined to bed because of 
pain in the bones (cases 4, 5, 6, 10, 13, 14, 17) ; in case 17 there was involvement 
of the cauda equina by tumor. Four patients had acute urinary obstruction (cases 
1, 2, 8, 21). For 14 patients the erythrocyte counts were between 3,500,000 and 
4,500,000, and 2 others had counts of 1,990,000 and 2,000,000. 

Serum phosphatase determinations were made before operation only for the last 
14 men; 7 had an increase in the levels of both phosphatases above normal, while 
in case 19 only the alkaline phosphatase was increased. 


RESULTS 

Acid Phosphatase in the Primary Lesion.—In each of the 8 cases in 
which sections of the prostate were available for staining for acid phos- 
phatase, the enzyme was present in large amount in the neoplastic epithe- 
lium, regardless of whether there was a formation of carcinomatous acini 
(fig. 1) or of solid sheets of malignant cells. Control examination of the 
prostate of a newborn infant showed only traces of enzyme, while sec- 
tions of normal adult and hypertrophic prostates contained amounts com- 
parable with the quantity present in carcinomatous prostatic tissue. From 
this, we deduce that the prostatic carcinomas examined consisted of a 
malignant type of adult epithelium rather than of neoplastic cells of a 
more primitive type. 

The Testis ——Data about the testes are given in the table. The weights 
of the testes, considered singly, varied from 7.8 to 42.8 Gm. In cases 
4, 5 and 6 each testis weighed 10 Gm. or less, and there was complete 
atrophy of the germinal epithelium; the interstitial cells, which were 
arranged in sheets, were abundant (fig. 2). Unfortunately, it is impos- 
sible as yet to express the number of interstitial cells quantitatively. The 
Leydig cells were identified roughly in normal condition in 15 cases 
(fig. 3) ; their number was somewhat reduced in 5 cases and markedly 
reduced in case 10, that of a patient who was moribund from infectious 
disease and carcinomatosis before orchidectomy. 


18. Gomori, G.: Microtechnical Demonstration of Phosphatase in Tissue 
Sections, Proc. Soc. Exper. Biol. & Med. 42:23 (Oct.) 1939; Distribution of Acid 
Phosphatase in the Tissues Under Normal and Under Pathological Conditions, 
Arch. Path. 32:189 (Aug.) 1941. 
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towels of Serum Phosphatase—A detailed description of — 
kaline age ‘thon patients has been presented elsewhere.° Briefly, in 
penny with marked elevation of serum acid phosphatase, gare 
ate a prompt and sharp reduction to or ae so gpatiagem 
was maintained for many months. In case 4 = on ade. * ced p= 
odie after castration, and in case 16 there was a decreas : 


loride 
© was 
ostate 
State, 
lerapy 





in. the 
sions : 
4, 10, 
use of 
ement 
(cases 
0 and 





1e last 
while 





es in 
phos- 
vithe- 
acini 
of the 
» sec- 
com- 
From 
of a 
of a 


ights 


vss 





Fig. 1 (case 8).—Acid phosphatase in rich concentration in carcneenntees — 
neoplasm of the prostate. The demonstration of the enzyme in this tissue was 
cases made by the method of Gomori. 
wei 4 7 caline sphatase of the 
ti per cent in seventeen days. The level of alkaline phosphatase 
a serum rose after castration and then decreased to or toward the normal 
range over a period of many weeks. A previously undescribed name? 
Tissue tion was made in cases 9 and 19, in which the value for serum acic 
i phosphatase was normal; castration was followed by a decided eleva- 
— tion of alkaline phosphatase and was accompanied by a change in the 
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character of the bony metastases from a rarefying to a condensing type; 
no significant changes occurred in the levels of acid phosphatase. 
Mortality Following Orchidectomy.—Four patients died within a 
short time after orchidectomy. In case 10, that of a man with auricular 
Ghrillation and cardiac decompensation, death occurred from broncho- 





Fig. 2 (case 6).—Complete tubular atrophy of the testis, with solid sheets of 
interstitial cells, in a case of cancer of the prostate. 


pneumonia and acute suppurative arthritis of the knee, eight days after 
operation. In case 15 death from cerebral apoplexy occurred fifty-three 
days after orchidectomy. In case 4 cardiac decompensation complicated 
the convalescence, which was terminated by lobar pneumonia one hun- 
dred and ninety-three days after operation. The serum acid phosphatase 
was 90 units shortly before death; in addition to nodular hyperplasia 
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of the adrenal cortices, there were several metastatic tumor nodules in 
the pleura and a diffuse infiltration of carcinoma in the pelvic fascia, 
producing a thick membrane. The symptoms of cachexia and pain in the 
bones in case 5 were not greatly relieved, and the patient died two hun- 
dred and thirty-four days after operation ; this was the most unsatisfac- 
tory case in the series. 

















Fig. 3 (case 13).—Nearly normal testis in a case of carcinoma of the prostate; 
interstitial cells are shown in the lower left corner. 


General Clinical Course After Orchidectomy.—A noticeable improve- 
ment occurred in the clinical status of all but 3 patients (cases 4, 5, 10). 
In addition to the strictly objective changes in serum phosphatase which 
were usually observed, there was other evidence of improvement. 

1. Changes in Weight: A gain of 3 to 18 Kg. occurred in all cases 
within a period of two to eighteen months after orchidectomy (fig. 4). 
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weight. An interesting observation was the development of a large 
appetite for food, which is particularly unusual for patients with carci- 
nomatous cachexia. McCullagh and Renshaw ** noticed increased appe- 
tite in the castrates whom they studied. 

2. Red Blood Cell Count: In general the trend of the erythrocyte 
count in peripheral blood was upward, although for only 1 patient was 
4 value of 5,000,000 cells per cubic millimeter reached (fig. 4). 

3. Neurologic Changes: In 11 cases severe pain was present in the 
lower part of the back and legs, in the perineum, in the hypochondrium 
or in more than one of these regions; 7 patients were confined to bed. 
This symptom improved in all patients within several days after opera- 
tion, maximum benefit being reached two to eight weeks after castration. 
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Fig. 4—Changes in weight and erythrocyte count in peripheral blood following 
orchidectomy for cancer of the prostate. The red cell counts, in millions per cubic 
millimeter, are shown as horizontal lines at the top of the figure; the gains in 
weight are represented by the solid columns arising from the base line. 


In 2 cases the relief of pain was only partial, and in 9 it was nearly or 
quite complete and has been maintained. In all except case 10 the patient 
became ambulatory. 

In case 17 there was evidence of involvement of the cauda equina. 
The resolution of this lesion is described later in the case reports. 

4. Swelling of Lower Extremities: A high grade pitting edema of 
the ankles and feet developed after orchidectomy in cases 4, 5, 9, 13 to 
17 and 20. In case 15 the edema was accompanied by palpable thrombi 
in the saphenous system ; otherwise, the cause of the edema was obscure. 


_——__. 


19. McCullagh, E. P., and Renshaw, J. F.: Effects of Castration in Adult 
Male, J. A. M. A. 108:1140 (Oct. 13) 1934. 
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The swelling disappeared in each case within four months; in case 4 
edema subsequently reappeared, accompanying myocardial decompen- 
sation. 


5. Sexual Capacity: Sexual desire and penile erections were absent 
in all cases following castration. No mental changes were observed. 


6. Hot Flashes: Such episodes occurred in cases 1 to 3, 6 to 9, 1] 
and 12, beginning two to six weeks after orchidectomy, and resembled 
those experienced by women after the menopause. The hot flashes were 
associated with profuse perspiration and often occurred at night, forcing 
the patient to throw off the bed covers. The hot flashes were mitigated 
for many weeks by oral or subcutaneous administration of 1 mg. of 
stilbestrol daily for five days. 


Clinical Changes in the Primary Lesion Following Castration —Cys- 
toscopic examination of the patients was not carried out with frequency 
after castration. In case 2 a “permanent” cystostomy opening had been 
established because of extensive infiltration of the trigon with carcinoma, 
which was also located around the ureteral orifices ; one year after trans- 
urethral resection of the neck of the bladder and orchidectomy, the 
bladder was smooth and without evidence of tumor. 

As judged by rectal examination the prostate gland underwent 
prompt regression in all,cases but 1 (case 12), in which the gland had 
decreased an estimated 50 per cent four months after castration. In all 
other cases the gland decreased to a small size within twelve weeks after 
orchidectomy. In the majority of cases the prostate became completely 
soft and either so small as to be just perceptible or actually impalable. 
Usually the seminal vesicles were palpated as small cordlike structures. 
The decrease in size has been maintained throughout the periods of 
observation, the longest of which has been eighteen months. 


Changes in Roentgenograms of Bony Metastases After Orchidec- 
tomy.—lIt is difficult to compare serial roentgenograms of the pelvis 
because of differences in position of the patient and in the technic of 
filming from time to time. In our opinion, certain unequivocal changes 
were observed associated with increases in the density of bone after 
castration. In all cases in whch metastases were present which were 
followed for long periods (cases 1, 3, 4, 5 to 9, 13, 14), increased osteo- 
sclerosis of the metastases was observed within three to six months after 
castration. In case 9 such increased calcification allowed recognition of 
minute osteolytic lesions which had previously been overlooked. Unfor- 
tunately, it is impossible to tell whether increased sclerosis signifies an 
advance in the neoplastic process or is a sign of healing, with formation 
of bone as a repair mechanism. In some cases this preliminary sclerosis 
was not followed by an increase in the size of the lesions in six months, 
and there was evidence of healing in the roentgenograms. A pathologic 
fracture which was present in case 1 (fig. 5.4) became united, and this 
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was followed by a distinct regression (fig. 5 B) in the metastatic lesions 
in the pelvis during eighteen months.*° 


Effect of Injections of Androgen.—Intramuscular injection of 25 mg. 


of testosterone propionate ** daily for eleven to eighteen days in 3 cases 


Fig. 5 (case 1)—Roentgenograms of the pelvis. A shows diffuse osteoplastic 


and osteolytic metastases from carcinoma of the prostate. Note the fuzziness of 


the right ischium and pubis and the pathologic fracture in the latter. B was taken 
eighteen months after bilateral orchidectomy. As compared with A, the right 
schium and pubis are now sharp and clear and the pathologic fracture has healed. 


. nye : ‘ , " 
20. A preliminary report of this case has been published: Huggins and Stevens *? 
case 2]. 


> . . - P " . ° ° 
-l. Dr. Erwin Schwenk, of Schering Corporation, supplied this material. 
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in which bony metastases were present caused an increase in the acid 
phosphatase of the serum. The patients complained of an increase 
pain in the legs after injections had been given for one week. 


of 


REPORT OF CASES 


Case 1.—A. J., a white man 75 years of age, had acute retention of urine, and 
a diagnosis of associated benign hypertrophy and cancer of the prostate was 
made.2° His weight was 50 Kg. The chief clinical features were in the pelvis 
The prostate gland was greatly enlarged (4+); on the right side it was soft t 
palpation, but on the left there was extensive stony induration extending along 
the left seminal vesicle. Roentgenograms showed extensive osteolytic metastases 
to both sides of the pelvis, with a pathologic fracture of the right pubis (fig. 5.4) 
On Oct. 16, 1939 orchidectomy was done, and on Jan. 10, 1940 the prostatic adenoma 
was enucleated. On March 20, 1940 his weight was 57 Kg., the prostatic bed was 
soft and no signs of carcinoma could be detected. On March 20, 1941 his weight 
was 64 Kg., and the results of rectal examination were the same as one year 
previously. The patient was ambulatory and had no symptoms. Roentgenograms 
of the pelvis showed healing of the fracture and a regression of the neoplastic 
process (fig. 5B). 


Case 14.—J. R., a white man 80 years of age, complained of pain in the dorsal 
and lumbar regions of the back for five months preceding his admission to the 
hospital on Oct. 30, 1940. For two months he had spent most of his time in bed 
and was unable to walk without intense pain and fatigue. There had been a loss 
of 17 Kg. in weight in three months. On examination it was found that the 
patient could not change his position from lying to sitting in bed without agony 
accompanied by distention of the veins of his neck. The prostate was slightly 
enlarged (2+) and there was a hard nodule (1 cm. in diameter) in the apex of 
the gland about the membranous urethra. Roentgenograms showed diffuse 
osteolytic lesions in the pelvis with partial collapse of the body of the sixth dorsal 
and the second lumbar vertebra. The levels of serum phosphatase were: acid, 37 
units; alkaline, 19 units. His weight was 62 Kg. The only treatment was 
orchidectomy, performed on Nov. 12, 1940. Within five days thereafter he was 
able to raise himself promptly from the lying to the sitting posture. On November 
26 the prostate gland was soft and just palpable. On April 21, 1941 the patient 
considered himself well; he had little pain in the lumbar region, and he had just 
spaded a garden 40 by 50 feet (12.2 by 15.2 meters) without trouble; his weight 
was 74 Kg. The levels of serum phosphatase were: acid, 2.25 units; alkaline, 
13.5 units. 


Case 17.—J. C., a 71 year old white man, was apparently well until six months 
before admission, when pain in the lower part of the abdomen and of the back 
developed acutely. These pains persisted and were so severe that much sedation, 
including opiates, was given. Three weeks before admission numbness developed 
over the buttocks and the posterior aspect of the thighs, accompanied by urinary 
retention and complete fecal incontinence. There was a progressive loss of 14 Kg 
in weight. On examination the patient was cachectic; he weighed 46 Kg. There 
was atrophy of the buttocks and of all of the muscles of the legs, especially of the 
hamstring group. The knee and ankle tendon reflexes were absent. The Naffziger 
test was positive. A sensory map showed a saddle area of anesthesia involving 
the skin dermatomes supplied by the second to the fifth sacral segment inclusive; 4 
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decubitus ulcer was present over the sacrum. The anal sphincter was atonic, and 
there was a continuous involuntary passage of feces. Lumbar puncture yielded 
xanthochromic fluid with an increased protein content in which a coagulum formed 
spontaneously on standing. The prostate was slightly enlarged (2 +), stony hard 
and nodular, with much induration along the right seminal vesicle and the base of 
the bladder. Roentgenograms showed extensive osteoplastic metastases to all bones 
of the pelvis, the lumbosacral portion of the spine and the upper parts of the 
femurs. The suffering of the patient seemed acute. 

The only treatment was bilateral orchidectomy, performed on March 5, 1941. 
Within three days the pains had nearly completely disappeared. On the fifth post- 
operative day he was able to urinate with slight incontinence; sedatives were no 
longer required. On April 8 the patient was free from pain and was ambulatory ; 
slight fecal incontinence was occasionally manifested. On April 28 he had a good 
appetite and had gained 11 Kg. in weight; the prostate gland was small and all 
induration had disappeared; fecal incontinence had disappeared, and the sphincter 
tonus was good, although not quite normal. The decubitus ulcer over the sacrum 
had nearly healed. Strength in the muscles of the legs was fairly good. The 
heel to knee test was well done. The knee jerks were normal; the ankle reflexes 
were absent. The Naffziger test was negative. There was a contraction in size 
of the saddle area of sensory disturbance; hypalgesia and hypesthesia were present 
in this area, but there was no actual anesthesia. Clear normal fluid was obtained 
by lumbar puncture. 


COMMENT 


It is difficult to evaluate subjective evidence elicited from patients 
with advanced cancer while under treatment; even changes in weight 
and in hemoglobin level may reflect the influence of many psychic factors. 
As has previously been stated, serial determinations of the levels of 
serum phosphatase provide an objective method of following the course 
of the disease. We have previously demonstrated in the present group 
of patients that the elevated levels of phosphatase usually returned to or 
toward the normal values when androgens were decreased or inactivated. 
It seems clear from less objective standpoints also that castration effects 
a significant benefit in the clinical condition of many patients with 
advanced cancer of the prostate, while in others improvement is less 
marked. 

The basis for improvement is simple when it is realized that the 
location and amount of acid phosphatase characterize carcinoma of the 
prostate as being often (if not always) composed of adult epithelium ; 
adult epithelium of the prostate undergoes regressive changes when the 
production of androgens is eliminated. Clinical studies of patients with 
several types of tumors of the adrenal cortex and observations on 
rodents have demonstrated that androgens are formed in varying 
amounts in extragonadal sources, especially in the adrenal **; thus, cas- 


” 


-2. Burrill, M. W., and Greene, R. R.: Androgenic Function of the Adrenals 
in the Immature Male Castrate Rat, Proc. Soc. Exper. Biol. & Med. 40:327 


March) 1939. 
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tration in the guinea pig is not accompanied by complete regression of the 
accessory sex glands,** and prepuberal castration of the rat does not 
greatly interfere with the puberal development of the prostate ** until the 
animal is 35 or more days of age. In the cases in this series in which 
the results of orchidectomy were unsatisfactory, was enough androgen 
produced in extragonadal loci to activate the carcinoma? This question 
cannot be answered at the present time. 

Hormonal influences on cancer have attracted attentidn for many 
years. It is inappropriate to give a complete review of their effect at 
this time. Beatson ** introduced ovariectomy as a treatment of advanced 
cancer of the breast, and beneficial results have been reported in 
certain cases by mnay workers.*® Lathrop and Loeb ** showed that 
ovariectomy in young mice reduced the incidence of mammary tumors 
in strains in which the spontaneous incidence of this disease was high. 
Murphy and Sturm ** observed that gonadectomy increased the resis- 
tance of immature male and female mice to implantation and growth of 
transplantable tumor. 

In his review of 1,000 cases of prostatic cancer Bumpus *° found that 
two thirds of the patients in whom metastasis had occurred at the time 
of examination died within nine months. There is a great variability in 
the length of life of patients with prostatic cancer, and some live more 
than ten years after discovery of the tumor. It is obvious that insufficient 


time has elapsed to tell whether complete regression of the tumor has 


23. Sayles, E. D.: Postnatal Development of Reproductive System in Male 
Guinea Pigs and Its Relation to Testis Hormone Secretion, Physiol. Zool. 12: 
256 (July) 1939. 

24. Price, D.: Normal Development of the Prostate and Seminal Vesicles of 
the Rat, with a Study of Experimental Post-Natal Modifications, Am. J. Anat. 60: 
80 (Nov.) 1936. 

25. Beatson, G. W.: On the Treatment of Inoperable Cases of Carcinoma of 
the Mammae, Lancet 2:104, 1896. 

26. Lett, H.: An Analysis of Ninety-Nine Cases of Inoperable Carcinoma of 
the Breast Treated by Oophorectomy, Lancet 1:227, 1905. Daland, E. M. 
Analysis of Cases at Pondville Hospital: Cancer of Breast, Am. J. Cancer (supp.) 
15:2361 (July) 1931. Ahlbom, H.: Castration by Roentgen Rays as an Auxiliary 
Treatment in the Radiotherapy of Cancer Mammae, Acta radiol. 11:614, 1930 
Taylor, G. W.: Evaluation of Ovarian Sterilization for Breast Cancer, Surg., 
Gynec. & Obst. 68:452 (Feb.) 1939. 

27. Lathrop, A. E. C., and Loeb, L.: Further Investigations on the Origin of 
Tumors in Mice, J. Cancer Research 1:1 (Jan.) 1916. Loeb, L.: The Signif- 
cance of Hormones in the Origin of Cancer, J. Nat. Cancer Inst. 1:169 (Oct. 
1940. 

28. Murphy, J. B., and Sturm, E.: Effect of Prepuberty Castration on Subse- 
quent Cancer Implantation, J. Exper. Med. 42:155 (Aug.) 1925. 

29. Bumpus, H. C.: Carcinoma of Prostate: Clinical Study of One Thousand 
Cases, Surg., Gynec. & Obst. 43:150 (Aug.) 1926. 
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HUGGINS ET AL—PROSTATIC CANCER on 
followed orchidectomy in any case in this series, but it can be stated 
that the clinical and serologic improvement following castration has been 
considerable in some cases. 


SUMMARY AND CONCLUSIONS 


In each of 8 cases in which tissue from the primary prostatic cancer 
was examined for acid phosphatase the high content and distribution 
of this enzyme in the cells resembled those in normal adult prostatic 
epithelium; in many cases, at least, prostatic cancer is an overgrowth 
of prostatic cells of an adult type. 

In 21 cases castration was carried out for far advanced or metastatic 
carcinoma of the prostate; 4 patients died within eight months after the 
operation ; in 2 cases the operation was done too recently to allow deduc- 
tions as to its efficacy, and in 15 cases appreciable clinical improvement 
occurred. The objective evidence of benefit after orchidectomy con- 
sisted of a great decrease in the levels of serum phosphatase in all but 2 
cases, an increase in weight (and appetite), an increase in the red cells 
of the peripheral blood, a decrease in the amount of pain, shrinkage of 
the primary lesion, increased density of the metastatic lesions in the 
roentgenograms and in 1 case improvement in neurologic signs of com- 
pression of the cauda equina by metastases. The improvement was 
greater than we have observed in any case in which far advanced or 
metastatic cancer was treated in any other way. It is certain that in 


many cases regression of the neoplasm is not complete. 

Untoward effects of castration were temporary swelling of the 
ankles, development of hot flashes and abolition of sexual capacity. The 
hot flashes were eliminated by administering estrogen. 

Injections of androgen caused an increase of pain. 


950 East Fifty-Ninth Street. 











RECURRENCE OF HYPERTHYROIDISM 


EDWIN B. ECKERSON, M.D. 
NEW YORK 


Persistent or continuing hyperthyroidism is a condition in which 
after subtotal thyroidectomy the disease again becomes evident, either 
immediately or in a relatively short time. With recurrent hyper- 
thyroidism, on the other hand, there is complete relief from the disease 
for a considerable period before it again becomes manifest. The dividing 
line between these two types of hyperthyroidism after operation is some- 
what arbitrary. Thompson, Morris and Thompson? said that the con- 
dition is recurrent if there is a return to normal for even one month 
after operation. Bisgard* sets this dividing line at eight weeks; 
Jackson,* at three months; Clute and Veal,* at six months, and Young;' 
at one year. I believe that a year is a likely period, since a patient 
who shows a return of symptoms with an elevated basal metabolic rate 
in nine months or so probably has a continuation rather than a recurrence 
of the disease. The probability that the disease was actually cured in 
the interim is small. In view of the arbitrariness of this figure, in the 
present series of cases one year has been used as the dividing line 
between persistence and recurrence. 


REASONS FOR RECURRENCE AND PERSISTENCE 


The primary reason for the occurrence of hyperthyroidism after 
operation is that subtotal thyroidectomy is an attack on merely a 


manifestation of the disease in the thyroid gland. It is, in fact, 
surprising that recurrence is not more frequent, since patients with 


From the Thyroid Clinic and the Surgical Service, St. Luke’s Hospital. 

Presented before the Surgical Section of the New York Academy of Medi- 
cine, April 5, 1940. 

1. Thompson, W. O.; Morris, A. E., and Thompson, P. K.: Thyrotoxicosis 
Following Subtotal Thyroidectomy for Exophthalmic Goiter, Arch. Int. Med. 46: 
946-978 (Dec.) 1930. 

2. Bisgard, J. D.: Persistent Hyperthyroidism: Case Reports, Nebraska M. J. 
20: 46-50, 1936. 

3. Jackson, A. S.: The Prevention of Persistent and Recurrent Hyperthyroid- 
ism, Surg., Gynec. & Obst. 58:590-594, 1934. 

4. Clute, H. M., and Veal, J. R.: End-Results of Surgery in Exophthalmic 
Goiter, J. A. M. A. 99:642-647 (Aug. 20) 1932. 

5. Young, T. O.: Recurrent and Continuing Hyperthyroidism, Am. J. Surg. 
39:104-111, 1938. 
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hyperthy roidism have an inferior basic nervous equipment with which 
‘o meet the strains of everyday life, and except for what rehabilitation 
can be done after operation, the cause cannot be removed. A number 
of writers on this subject ® have expressed doubt of the permanence 
of cure and have concluded that in most cases there is lasting damage 
to the nervous system which insures recurrence of the disease in the 
presence of the proper stimuli. A number of late recurrences have 
been reported. Pemberton * observed one twenty-one years after opera- 
tion, but this is unusual. The latest one in this series was at six and 
one-fourth years, with the majority occurring between three months 
and one and one-half years after operation. 


A number of specific reasons for persistence and recurrence are 
known. In cases of immediate continuation of symptoms, in most cases 
of symptoms recurring within one year and in rare cases of later true 
recurrence the probable cause is the removal of too little thyroid tissue 
at operation. Too large remnants of the lateral lobes may have been 
left; the isthmus may not have been touched; a pyramidal lobe may 
have been left, or an intrathoracic portion of a nodular goiter may have 
been overlooked. 


In the great majority of cases recurrence and persistence occur with 
the diffuse or hyperplastic type of toxic goiter. With the nodular toxic 
goiter they are unusual. Statistics on the proportion of each depend 


to a great degree on the accuracy of the surgical and pathologic 
diagnosis. Microscopic distinction is not always reliable, and many 
hyperplastic thyroids which have undergone marked iodine involution 
preoperatively are called adenomatous or colloid goiters. With accurate 
distinction between these two types of hyperthyroidism, however, it 
can be said that the diffuse type is about ten times as likely to recur 
as is the nodular. 


Lahey, Cattell and Perkin* have shown that the duration of the 
hyperthyroidism before operation is of importance in the incidence of 


_ 6. McQuillan, A. S., and Breidenbach, L.: Morbidity Following Goiter Opera- 
tions, Ann. Surg. 106:169-182, 1937. Else, J. E.: Present Status of Our Knowl- 
edge of Recurrent Goiter, West. J. Surg. 38:595-604, 1930. Fulton, N. M.; 
Schnitker, M. A., and Cutler, E. C.: Recurrent and Persistent Thyrotoxicosis 
Following Thyroidectomy, ibid. 46:619-627, 1938. Haines, S. F., and Pemberton, 
J. deJ.: Recurrent and Persistent Hyperthyrotoxicosis, Arch. Int. Med. 57:1104- 
1114 (June) 1936, 

7. Pemberton, J. deJ.: Recurring Exophthalmic Goiter: Its Relation to the 
Amount of Tissue Preserved in Operation on the Thyroid Gland, J. A. M. A. 94: 
1483-1489 (May 10) 1930. 

: Perkin, H. J., and Cattell, R. B.: Blood Iodine Levels Related to Recur- 
rence ot Hyperthyroidism, Surg., Gynec. & Obst. 68:744-748, 1939. Perkin, 
H J.; Lahey, F. H., and Cattell, R. B.: Blood Iodine Studies in Relation to 


Tl 


‘hyroid Disease, New England J. Med. 214:45-52, 1936. 
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recurrence. In their studies on blood iodine they found that in Cases 
in which the duration of symptoms was nine months or less there were 
usually an elevated preoperative value for blood iodine and a low post- 
operative recurrence rate. On the other hand, in cases in which the 
duration of symptoms was over one year there were usually a normal 
value for blood iodine and a high recurrence rate. Recent studies on 
blood iodine (Hinton, Eckerson and Bruger®) in a somewhat smaller 
series of cases have not, however, entirely borne this out. 


Social or economic problems, nervous shocks, endocrine adjustments 


and foci of infection can all be factors in inciting recurrent hyper- 


thyroidism. These are a few of the immediate causes mentioned: 











j 





Anterior (A) and posterior (B) view of a large hyperplastic thyroid removed 
at operation. The wooden cylinder denotes the position of the trachea. This 
illustrates some of the problems of subtotal thyroidectomy. There are high, retro- 
tracheal superior poles extending almost completely around the trachea posteriorly, 
a fair-sized pyramidal lobe and a large isthmus. If any of these were not removed, 


considerable thyroid tissue would be left and the likelihood of persistence greatly 
increased. 


going back to work too soon; loss of husband’s job; financial worries; 
care of a large family ; unhappiness at home; death of a friend; suicide 
of a relative; pregnancy ; menopause ; extraction of teeth, and acting as 
donor for a blood transfusion. 


9. Hinton, J. W.; Eckerson, E. B., and Bruger, M.: Iodine Metabolism in 
Thyroid Disease, Ann. Surg., to be published. 
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ECKERSON-—HYPERTHYROIDISM 


INCIDENCE OF PERSISTENCE AND RECURRENCE 


As Thompson, Morris and Thompson * stated, the incidence of 
recurrent hyperthyroidism in the cases reported in the literature varies 
‘rom 0.25 to 25 per cent. In their series it was 19.5 per cent. Clute 
and Veal * in 1932 reported an incidence of 12.3 per cent in completely 
followed cases, and Cattell *° in 1939 reported 3.3 per cent of reopera- 
tions. Pemberton’? and Haines and Pemberton,"* in reporting a 2.9 
per cent rate, said that, counting the probable recurrences in patients 
who did not return for follow-up, the incidence at the Mayo Clinic was 
“certainly not more than 5 per cent.” ' 

This paper is a study of 469 patients with toxic thyroids operated 
on and seen preoperatively and postoperatively in the thyroid disease 
clinic at St. Luke’s Hospital in the ten year period from 1930 to 1939 
inclusive and a study of the 34 recurrences which occurred among these 
patients. Two of the 34 patients in whom recurrence took place had had 
previous thyroidectomies elsewhere before coming to St. Luke’s. 

During the five year period from 1930 to 1934 inclusive (this 
period has been used for more intensive study because of the longer 
follow-up), 224 patients were operated on, 176 with the diffuse hyper- 
plastic type of goiter and 48 with the nodular type. In this group there 
occurred 8 persistences and 13 recurrences, a total of 21, and all occurred 
with the diffuse type of goiter, none with the nodular type. This makes 
a total recurrence rate of 9.3 per cent. Among these 224 patients there 
were 5 operative deaths, and 202, or 90.1 per cent, were followed for 
one to six years. Two of these patients died of other causes within one 
to two years but were followed until the time of their death. 

Unless a patient with this disease is seen at regular intervals for 
a period of years after operation the presence or absence of recurrence 
cannot be known. This is especially true of mild transient recurrence. 
Follow-up by letter and reexamination after a lapse of years cannot give 
accurate statistics. One hundred and fourteen of the 224 patients 
operated on in this five year period (50.8 per cent) have been followed 
in the thyroid disease clinic continuously and completely up to the time 
of writing. This gives a five to ten year follow-up, during which 
the clinic was never out of touch with any of these patients. This is 
a unique series of cases. 


Ot the 21 patients with recurrent or persistent hyperthyroidism 
mentioned previously as having been operated on in this period, 16 have 


10. Cattell, R. B., and Perkin, H. J.: Recurrent Hyperthyroidism: Likelihood 

ot Recurrence in Relation to Blood Iodine Level, West. J. Surg. 47:55-61, 1939. 
i. Haines, S. F., and Pemberton, J. deJ.: The Control of Hyperthyroidism 
Following Partial Thyroidectomy by Removal of Unusually Small Amounts of 
Thyroid Tissue, Proc. Staff Meet., Mayo Clin. 9:769-771, 1934. 
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been continually followed to the time of writing and 1 until his death. 
The 4 remaining patients were lost to follow-up within three years after 
their second attack of hyperthyroidism. Since, however, these 4 and 
the 1 who died were carefully observed until recurrence took place and 
for varying periods thereafter, the total of 21 has been reached for the 
114 completely and continuously followed patients. This makes an 
incidence of 18.4 per cent. Although this figure is slightly high, it must 
be realized that patients who have symptoms are more likely to return 
to the clinic than are those who are well. 


TREATMENT OF RECURRENT HYPERTHYROIDISM AND THERAPEUTIC 
RESULTS 


The treatment of persistent and recurrent hyperthyroidism is, with 
certain exceptions, similar to the treatment of the primary disease—the 
use of iodine, roentgen therapy and surgi¢tal intervention, or a combina- 


TasLe 1—Summary of Operative Cases in the Five Year Period 
from 1930 to 1934 Inclusive 








Cases Followed Recurrence 
-- ae ~ Recur- Rate, 
Number Percentage rences Percentage 





224 sees 3 9.3 
VPoliowes 1 606 PORES... occccccccccccceseces 202 90.1 10.4 


Followed continually and completely for 
© WD BP FO cv csc vccvesccecccccscoccce 114 50.8 : 18.4 





tion of these. For mild recurrent hyperthyroidism or for the persistent 
condition in many cases, especially when there is no clinical regeneration 
of the remnants, compound solution of iodine U. S. P. alone at the rate 
of 5 to 10 minims (0.3 to 0.6 cc.) three times a day is effective. It 
may not cure the disease but it entirely relieves the symptoms, and it can 
be administered for years without ill effect. One patient has been treated 
for a mild recurrence with iodine alone for over six and one-half years, 
and, although she has appeared quite well for one and one-half years, 
she still has some symptoms on discontinuing the medication and resumes 
it occasionally. 

Roentgen therapy alone or in combination with compound solution 
of iodine U. S. P. is more effective for the recurrent than for the 
primary type of this disease, especially when there is little or no regen- 
eration of the remnants. Cures have been obtained in 55.5 per cent oi 
the cases. 

Reoperation is, of course, the most dramatic treatment and the one 
giving the highest percentage of cures, but it carries a rather high pro- 
portion of complications. In 7 secondary operations 3 complications 
occurred. These were unilateral paralysis of the recurrent nerve in 2 
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in 1 of which it was temporary, and postoperative hemorrhage 
Definite persistence of the hyperthyroidism in 1 case was noted. 


cases, 
in l. 

Reoperation has been reserved for patients with considerable regen- 
eration, severely toxic patients and patients who did not respond to 
conservative measures. Haines and Pemberton ™ reported 3 cases of 
recurrent hyperthyroidism in which the patients were not helped by 
conservative means but were cured by removal of 1 Gm. or less of thyroid 
tissue. 

Of the series of 21 patients with the recurrent or persistent con- 
dition, 5 were treated with compound solution of iodine U. S. P. alone, 
and 1 was cured. Nine were given roentgen therapy or iodine and 
roentgen therapy, and 5 were cured. Seven had reoperation alone or in 
conjunction with iodine and roentgen therapy, and 6 were cured. On 
1 of these an incomplete secondary operation was done because of hemor- 
rhage, and roentgen therapy was given immediately after the operation. 


Taste 2—-Treatment of Recurrent Hyperthyroidism and Results 








Percentage 
Cures of Cures 


Iodine alone 1 20 
Roentgen therapy, or iodine and roentgen therapy 5 55. 


Reoperation, with or without iodine and roentgen 
therapy 6 


12 





In another an area of carcinoma was found at the second operation ; this 
patient received roentgen therapy for the carcinoma and compound 
solution of iodine U. S. P. because of a mild persistence of hyper- 
thyroidism. 

Thus, of these 21 patients, 12, or 57.1 per cent, were cured, 54.6 per 
cent with recurrent and 62.5 per cent with persistent hyperthyroidism. 
Eight still have hyperthyroidism but are not incapacitated by it, and 1 
died of the recurrent disease. He had had three previous subtotal 
thyroidectomies within eight months before coming to St. Luke’s. A 
subtotal excision of the remnants was done in 1930, and after this he 
was well for five years. He then had a recurrence and was kept com- 
fortable with iodine for about three years. He was admitted to St. 
Luke’s in coma eight years and two months after his operation and died 
in thyroid crisis. Autopsy showed small hyperplastic thyroid remnants. 


PERCENTAGE OF CURES OF HYPERTHYROIDISM 


Of 114 completely and continually followed patients operated on at 
St. Luke’s Hospital in the five year period from 1930 to 1934 inclusive, 


9 1c rin , a adel rag? 
3, or 81.5 per cent, were cured of their hyperthyroidism by the original 
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operation. Twelve of the 21 patients with persistent or recurrent hyper- 
thyroidism, or 57.1 per cent, were cured. At the time of writing 105 of 
the 114 patients, or 92.1 per cent, are cured. 


SUMMARY AND CONCLUSIONS 


A number of reasons for the persistence and recurrence of hyper- 
thyroidism after operation are suggested. The true cause will not be 
revealed until the cause of hyperthyroidism is definitely known. 

The size of the remnant of the thyroid left at the primary operation 
should vary with the individual patient. Suggestions are made to obviate 
the leaving of too much thyroid tissue. Generally smaller remnants 
should be left. 

Statistics on recurrence rates should be based on patients who are 
continually and completely followed. 


After operation, a patient with a toxic thyroid should be seen every 
three months for a year, every six months for two more years and every 


year for as long as it is possible to keep in touch with him. This will 
allow any recurrence to be noted and treated early. 

The treatment of persistent and recurrent hyperthyroidism depends 
on the individual case and on the severity of the disease. It consists of 
administration of iodine, roentgen therapy and surgical intervention or a 
combination of these. Rehabilitation of the patient should also be 
attempted by the social service department. 


Miss Madeline Hall, of the social service department, made possible the careful 
follow-up studies on which this paper is based. 


termi! 


remal 


of th 
while 


regal 


Endo 


weste 





THE CEPHALIN-CHOLESTEROL FLOCCULATION 
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Increasing knowledge of the physiology of the liver has established 
ho are the vital importance of the integrity of this organ for normal body 
a activity and economy. Moreover, it has awakened a keener apprecia- 
pen tion of the potential effects of disturbed hepatic function, especially 
i. as it relates to disorders of digestion and metabolism. Nevertheless, 
the clinical recognition of disease of the liver has attained a relatively 
lepends high degree of accuracy only with regard to the advanced or the 
sists of terminal stages of such disease. The early and mild forms frequently 
on oF 2 remain undiagnosed and are accorded little if any consideration. Present 
ilso_ be day tests of liver function are, with rare exceptions,’ of limited diag- 
nostic value in cases of early or mild involvement, owing to the remark- 
able regenerative capacity and functional reserve with which the liver 
is endowed. 


> careful 


Recently Hanger ? observed that the serums of patients with disease 
of the liver are capable of flocculating a cephalin-cholesterol emulsion, 
while, in contrast, normal human serums produce no flocculation. He 


regarded this reaction as an index of active disease of the liver paren- 


._— . _ . e “7 ° ° ° 
chyma and proposed it as a means of differentiating obstructive from 


Presented at the Thirteenth Annual Meeting of the Central Society for 
Clinical Research, Chicago, Nov. 1, 1940. 

From the Department of Medicine and the Department of Metabolism and 

Endocrinology, Michael Reese Hospital, and the Department of Medicine, North- 
western University Medical School. 
1. Rosenberg, D. H., and Soskin, S.: The Azorubin S Test of Liver Func- 
tion : An Evaluation with a Comparative Study of the Bromsulphalein and 
Hippuric Acid Tests, Ann. Int. Med. 13:1644 (March) 1940. Soffer, L. J., and 
Paulson, M.: Comparative Advantages and Further Modification of the Bilirubin 
“xcretion Test for Hepatic Function, Am. J. M. Sc. 192:535 (Oct.) 1936. 

2. Hanger, F. M.: The Flocculation of Cephalin-Cholesterol Emulsions by 
Pathological Sera, Tr. A. Am. Physicians 53:148, 1938; Serological Differen- 
tiation of Obstructive from Hepatogenous Jaundice by Flocculation of Cephalin- 
Cholesterol Emulsions, J. Clin. Investigation 18:261 (May) 1939. 
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parenchymatous jaundice. It seemed plausible that a test denoting the 
presence of active damage to the liver might prove of greater clinica] 
value, particularly in the diagnosis of mild and subclinical hepatic dis- 
ease, than tests which measure the functional capacity of the liver as 
a whole. Accordingly, a study of the reliability of the flocculation test 
was undertaken, and the results obtained with a series of 155 selected 
subjects are recorded here. 
MATERIAL 


The subjects selected for study consisted of three groups: 1. Thirty-four 
patients manifesting irrefutable clinical evidence of disease of the liver. In this 
group there were 7 patients with acute hepatitis, 11 with portal cirrhosis (hyper- 
trophic, 10; atrophic, 1); 1 with fatty metamorphosis (biopsy); 9 with long- 
standing chronic passive congestion secondary to congestive heart failure, and 
6 with metastatic carcinoma (4 with extensive invasion of the liver). Eleven 
additional patients with obstructive jaundice proved by operation were included 
in this group, making a total of 45 patients. 2. Thirty-eight patients with a 
variety of diseases with symptoms and signs suggestive of mild chronic hepatic 
disease but requiring confirmatory studies. 3. A miscellaneous group of 72 per- 
sons selected at random in whose cases the routine histories and physical exami- 
nations disclosed no evidence of disease of the liver. 


METHODS 


Cephalin-Cholesterol Flocculation Test——The method described by Hanger? 
was followed in every detail. A stock ether solution was prepared by dissolving 
100 mg. of oxidized sheep brain cephalin * and 300 mg. of cholesterol in 8 cc. of ether. 
An emulsion was then made by adding (slowly and with stirring) 1 cc. of the 
stock ether solution to 35 cc. of freshly distilled water which had been warmed 
to 65 or 70 C. The mixture was heated slowly to boiling and allowed to simmer 
until the final volume reached 30 cc. After cooling to room temperature, | cc 
of the emulsion was added to a centrifuge tube containing 0.2 cc. of the patient's 
serum diluted with 4 cc. of physiologic (0.85 per cent) solution of sodium chloride 
The mixture was thoroughly shaken, stoppered with cotton and allowed to stand 
undisturbed at room temperature. Readings were made after twenty-four and 
forty-eight hours, and the reactions were graded in terms of 0, plus-minus and 
1 plus to 4 plus. A 4 plus reaction indicated complete flocculation leaving the 
supernatant liquid water clear. A plus-minus reaction designated only slight 
flocculation. It was found useful to set up an additional control tube containing 
4 cc. of saline solution and 1 cc. of emulsion (without serum) to test the stability 
of the emulsion. Emulsions were prepared freshly on the day tested, and only 
carefully washed glassware was used. Serum which has been refrigerated for one 
day or longer may yield false positive flocculation reactions. 


3. The cephalin used in this study was prepared by Dr. David Klein, of the 
Wilson Laboratories, Chicago. A difference in the reaction of various cephalin 
preparations was observed, depending on whether the cephalin was freshly prepared 
or had been exposed to the air for a number of weeks. On standing, cephalin 1s 
oxidized and assumes a dark brown color. False positive reactions may be avoided 
by use of the oxidized form of cephalin. 
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For confirmatory laboratory data in almost all cases the icterus index * was 
letermined; in some, the free and combined serum* or blood ® cholesterol was 
measured, and in others, the bromsulphalein cr the hippuric acid excretion test 
- both were done, depending on the cooperation of the subject. The technic 
sed for the bromsulphalein test was similar to that described by Rosenthal 
and White? except that 5 mg. of dye per kilogram of body weight® was used 
and a single sample of blood was drawn thirty minutes after injection.? Reten- 
tion of more than 10 per cent was regarded as abnormal. The oral hippuric 
‘cid test?° as modified by Kohlstaedt and Helmer?! was employed except in 
ses of diarrhea or: vomiting, in which the intravenous method 12 was substi- 
tuted. With the oral method an excretion of 3 Gm. of hippuric acid (in terms 
f benzoic acid) was considered normal and 85 to 115 per cent of this value 
vas set up as the normal range 1*; with the intravenous method 0.7 to 0.95 Gm. 
was regarded as normal. The hippuric acid test was omitted for all patients 
with elevated levels of nonprotein nitrogen in the blood. For 11 patients histo- 
logic examinations were made of the liver tissue obtained at operation (as far 
from the gallbladder bed as possible) or at necropsy. Whenever possible, more 
than one flocculation test was made of the same patient, but only differing results 
vere incorporated in the tables. A diagnosis of chronic cholecystitis was recorded 
when the cholecystogram revealed significantly diminished concentration of the 
lve, although it was recognized that a poorly visualizing gallbladder may indicate 
failure of the excretory function of the liver rather than cholecystitis. 
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ARCHIVES OF SURGERY 


RESULTS 
1. Patients with Acute or Chronic Disease of the Liver or with 
Obstructive Jaundice —The blood serums of all 7 patients with acute 


hepatitis, 9 of 11 patients with cirrhosis, 3 of 6 patients with carcinoma. 


2 of 9 patients with chronic passive congestion and 1 patient with fatty 
metamorphosis of the liver produced prompt, strong flocculation reac- 
tions, ranging from 2 plus to 4 plus (table 1). The serums of 12 of the 
remaining 13 patients with chronic disease of the liver gave slight 
(plus-minus to 1 plus) flocculation reactions within twenty-four to 


forty-eight hours, and in 1 instance of carcinoma flocculation tests 
gave negative reactions. The 3 patients with carcinoma with strongly 
reacting serums revealed clinical signs of extensive hepatic involvement, 
and in 1 of these (case 30), biopsy disclosed intrahepatic cholangitis 
and diffuse swelling of the parenchymal cells, the last-mentioned changes 
apparently accounting for the strong flocculations. The patient with 
proved carcinoma whose serum produced negative reactions presented 
a slightly nodular right hepatic lobe. A decrease in the degree of 
flocculation ran parallel with the clinical improvement (cases 1, 3, 9, 
16 and 20) and was found to be of prognostic significance. 

No attempt at a comparative evaluation of the various tests of hepatic 
function was made in this study; nevertheless, it is of interest that 
the icterus index was normal for 19 of the 34 patients; the values for 
cholesterol esters were normal for 8 of 16 patients; bromsulphalein 
tests gave normal results for 2 of 15 patients, and the hippuric acid 
excretion was normal for 2 of 6 patients. 

Of 11 patients with obstructive jaundice proved by operation, the 
blood serums of 8 produced only slight flocculation reactions within 
twenty-four to forty-eight hours (2, 1 plus; 6, plus-minus); 2 gave 
negative reactions, and 1 (in a case of advanced biliary cirrhosis) pro- 
duced a prompt 3 plus reaction. It is not surprising that slight floccu- 
lations were obtained in so many of this group, for the duration of 
jaundice at the time of the flocculation tests ranged from two to eleven 
weeks and averaged six and one-half weeks. Moreover, biopsies of 
tissue from 3 of these 8 patients revealed focal necrosis of the polyg- 
onal cells with cholangitis in 2 and capillary cholangitis with pro- 
liferation of bile ducts and fatty metamorphosis in 1. In another patient 
mild chronic hepatitis was noted at operation. The 2 patients with 
negatively reacting serums presented histories of jaundice of only two 
and thrte weeks’ duration respectively. In contrast to these observa- 
tions, while the duration of icterus in 8 cases of parenchymatous jaundice 
ranged from two to twenty-one days, the average was only eight days, 
and prompt, strong flocculation reactions were obtained in all. Thus, 
flocculation tests may prove of value in differentiating obstructive from 
parenchymatous jaundice, prompt, strong reactions early in the course 
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of jaundice indicating a parenchymatous form of the disease, whereas 
either negative or slight flocculation reactions bespeak obstructive 
jaundice. This is best illustrated by the following cases. 


Case 1.—R. H., a white man aged 50, consulted his physician on Sept. 23, 1940, 
with the complaint of recurrent sharp epigastric pain radiating to both hypochondriac 
regions. The pains had begun on September 9, and four days later he had noted 
dark urine and pale stools. Jaundice had been first observed on September 21. 
His appetite had become poor, and he had lost 10 pounds (4.5 Kg.) in weight. He 
had undergone a cholecystectomy for gallstones twenty years previously and since 
then had been having occasional mild epigastric pain. Physical examination gave 
negative results except for moderate jaundice. The urine gave a 4 plus reaction 
for bile. The icterus index was 75 units. The provisional diagnosis was chole- 
lithiasis with obstruction of the common duct. A sample of blood submitted for 
the cephalin-cholesterol flocculation test produced a 2 plus flocculation reaction, on 
the strength of which a diagnosis of acute hepatitis was suggested. Several days 
later the patient entered another hospital, where he was operated on soon after- 
ward for obstructive jaundice. “A very small, shrunken liver (‘acute atrophy’) 
weighing approximately 300 Gm.” was found, but there was no evidence of 
obstruction of the larger bile ducts. 


The past history and the present illness were certainly suggestive 
of cholelithiasis with obstruction of the common duct. However, the 
cephalin flocculation test correctly indicated the true nature of the 
jaundice. 


Case 2.—M. M., a white man aged 40, a steel worker, entered the Michael 
Reese Hospital on May 5, 1940, with the complaint of painless progressive jaundice 
and clay-colored stools for two weeks. Coincidentally anorexia, nausea, occasional 
vomiting and dyspepsia were noted. There had been no abdominal pain. Exami- 
nation revealed no abnormality except intense jaundice and a palpably enlarged 
nontender liver of increased consistency, palpable 5 cm. below the costal margin on 
inspiration. Urinalysis revealed: albumin, 1 plus; bile, 4 plus, and urobilinogen, 0. 
The stools were tan; they contained no bile and no blood. The icterus index was 
120 units. The value for total serum cholesterol was 581 mg., and that for 
cholesterol esters, 97 mg., per hundred cubic centimeters (17 per cent). The value 
for serum phosphatase was 11.8 Bodansky units. Because of the high value for 
total cholesterol, a provisional diagnosis of obstructive jaundice had been made, but 
the low ester fraction, together with slight elevation in serum phosphatase, was 
presumptive evidence of parenchymatous damage. Blood was submitted for 
cephalin-cholesterol flocculation tests, which gave uniformly negative results. 
Accordingly, a final diagnosis of obstructive jaundice due to carcinoma of the 
head of the pancreas or to silent stone of the common duct was made, and opera- 
tion was advised. At operation there were multiple stones in the common duct, a 
stone in the ampulla of Vater and chronic cholecystitis. 


large 
\sE 3—M. P., a white man aged 43, was admitted to the Michael Reese 
pital on May 30, 1940, complaining of recurrent attacks of epigastric pain 
nausea and vomiting for eleven weeks. Chronic remittent jaundice had been 


I since the first painful seizure. Physical examination gave negative results 
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except for moderate icterus and tenderness in the right hypochondrium on I 
and on percussion with the fist. The icterus index was 40 units. The value for 
total serum cholesterol was 300 mg. and that for cholesterol esters 177 mg. per 
hundred cubic centimeters (59 per cent). The hippuric acid excretion was 0.77 
Gm. in terms of benzoic acid (26 per cent). The value for serum phosphatase was 
9.1 Bodansky units. Complete unanimity of opinion did not exist among the 
physicians in attendance, some holding that the depressed cholesterol esters and 
the low hippuric acid excretion indicated parenchymatous jaundice. Cephalin- 
cholesterol flocculation tests gave plus-minus reactions. Consideration of the 
onset, duration and degree of the jaundice correlated with the slight flocculation 
reactions led to the diagnosis of cholelithiasis with obstruction of the common duct. 
Operation on July 9 disclosed innumerable gallstones with thick grumous material 
filling the cystic, common and hepatic ducts. Chronic cholecystitis, and mild 
chronic hepatitis were present. 


ressure 


2. Patients with Clinically Suspected Disease of the Liver—The 38 
patients comprising this group had a variety of primary diseases 
(table 2). However, clinical evidence suggestive of chronic disease 
of the liver was common to all, though in some it was only through 
diligent search that the physical signs were elicited. In 37 cases 
analysis of the results of physical examination revealed one or more 
of the following symptoms: hepatic tenderness ; pain on percussion with 
the fist over the right hypochondrium; tenderness in the right upper 
abdominal quadrant, and hepatic enlargement, most often slight, with 
or without splenic enlargement. In another case the presence of unex- 


plained macrocytic anemia refractory to liver therapy suggested the 
possibility of disease of the liver. In all instances confirmatory diag- 
nostic studies were necessary for a conclusive diagnosis. Included in 
this group were 7 patients whose symptoms had been diagnosed else- 
where as “nervous indigestion” ; on 2 of these cholecystectomy had been 
performed previously, without benefit. 


The cephalin-cholesterol flocculation test gave a positive reaction 
for all 38 patients, prompt, strong (2 to 3 plus) reactions having been 
obtained in 22 instances and slight (plus-minus to 1 plus) reactions 
in 16. In 30 patients one or more of the supplementary tests of hepatic 
function, such as the determination of the icterus index, the brom- 
sulphalein test, the hippuric acid test or estimation of the cholesterol 
esters, disclosed damage to the liver, and in 2 of these further con- 
firmation was found at operation. In 3 others biopsy disclosed histo- 
logic evidence of disease of the liver, making a total of 33 of the 38 
patients in whose cases the suspicion of hepatic damage was confirmed 
by the flocculation test and by other means. It is noteworthy that even 
slight (plus-minus) flocculation reactions were significant of damage 
to the liver, for corroborative evidence was elicited from all 11 patients 
in this group. Of the remaining 5 patients, whose serums produced 
positive flocculation reactions but of whom adequate supplementary 
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tests could not be made for one reason or another, in 2 the liver was 
palpable and tender; in 1 it was moderately enlarged, and in 2 both) the 
liver and the spleen were slightly enlarged. 

Of the 33 cases of adequately confirmed disease of the liver brom- 
sulphalein tests were performed in 24 but gave negative results in 4. 
The average retention of the dye in the cases in which abnormality 
was present was 24 per cent at the end of thirty minutes. Hippuric 
acid tests were conducted for 16 of these 33 patients, and in 8 of these 
tests the results were normal. From tables 1 and 2 it is apparent that 
the results of the cephalin-cholesterol flocculation test agreed more 
closely with the clinical picture than did those of any of the other tests 
of liver function. 

The response to therapy was observed in 5 instances. Clinical 
improvement accompanied with a decrease in the flocculation reactions 
was noted in case 46 following a high carbohydrate diet and administra- 
tion of insulin; in case 63, following intravenous administration of 
dextrose; in cases 56 and 62, following institution of a high carbo- 
hydrate, low fat diet, with adequate protein requirements derived largely 
from milk, eggs, dairy products and vegetables, together with whole 
vitamin B complex, and in case 65, following thyroidectomy. 

The serum in case 53 produced a 3 plus flocculation reaction several 
days before an acute attack of gout, whereas three months later, in a 
stage of remission, the flocculation reaction was plus-minus. This 
observation is of interest and merits further investigation of the pos- 
sible relation between the liver and acute gout, especially since it has 
been noted that high fat, low carbohydrate diets may precipitate an acute 
recurrence of gout. 

The important role of the liver in disturbances of digestion and its 
participation in metabolic disorders are clearly exemplified by the 
following cases. 


Case 4.—G. S., a white woman aged 32, was seen on May 17, 1940, complaining 
of recurrent diarrhea for four years, severe epigastric cramps on arising in the 
morning and occasional bloating after meals. She had been receiving a bland diet 
and antispasmodics, without improvement. Physical examination gave negative 
results except for a spastic, nontender descending colon, a slightly tender ascend- 
ing colon and considerable hypochondriac tenderness on the right on pressure and 
on percussion with the fist. Roentgen studies of the stomach, intestines and gall- 
bladder revealed no abnormality except a spastic, irritable colon. Cultures and 
examinations of the stools gave negative results, as did analysis of the gastri 
contents. The diagnoses were: 1. Spasticity and irritability of the colon. 2 
Probable chronic hepatitis. The cephalin-cholesterol flocculation reaction was 3 plus; 
the bromsulphalein test showed 20 per cent retention in thirty minutes. Therapy 
consisted of administration of vitamin B complex ; a bland diet high in carbohydrate, 
low in fat and containing a maintenance content of protein, and calcium gluconat 
When seen eighteen days later she felt “swell,” and only slight hypochondriac 
tenderness on the right side could be elicited. The cephalin-cholesterol fi ccula- 
tion reaction was 1 plus. 
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Case 5.—J. R., a white man aged 27, was seen on April 25, 1940, complaining 
of cramping pains in the right upper abdominal quadrant for fifteen months, with 
loss of 14 pounds (6.4 Kg.) in weight. Extensive studies elsewhere had led to 
4 diagnosis of “gallbladder irritation,” and a bland, low fat diet was prescribed, 
without material benefit. Physical examination gave negative results except for 
a palpable, slightly firm, tender liver 1 cm. below the costal margin on deep 
inspiration. A cholecystogram revealed very poor concentration of the dye. The 
cephalin-cholesterol flocculation reaction was 2 plus. The diagnoses were: (1) 
chronic cholecystitis with probable cholelithiasis and (2) chronic hepatitis, Therapy 
similar to that in case 4 was prescribed, and progressive clinical improvement, with 
a gain of 10 pounds (4.5 Kg.) in weight, ensued. On July 9 the cephalin-cholesterol 
flocculation reaction was plus-minus. On August 30 there developed biliary colic 
followed by persistent low grade fever. Operation was performed on September 13. 
Cholesterosis of the gallbladder, a solitary cholesterol stone in the cystic duct and 
a nodular liver of increased consistency with perihepatitis were found. Biopsy of 
a nodule revealed granuloma with regenerating liver tissue and granular degen- 
eration of the surrounding liver cells. 


Case 6.—H. C., a white man aged 46, entered the Michael Reese Hospital 
m April 5, 1940, complaining of excessive thirst, itching of the skin, weakness and 
loss of 30 pounds (13.6 Kg.) in one month. Physical examination gave essentially 
negative results except for slight punch tenderness over the liver and signs of 
iriboflavinosis. . Urinalysis revealed: sugar, 4 plus; acetone, 2 plus. The dextrose 
ontent of the blood was 262 mg. per hundred cubic centimeters. The provisional 
diagnosis was diabetes mellitus with acidosis. The cephalin-cholesterol flocculation 
reaction was 3 plus on April 8, and on the following day the hippuric acid excretion 
intravenous method) was 0.27 Gm. in terms of benzoic acid. Difficulty was 
encountered in controlling the glycosuria. Because of evidence of a hepatic factor, 
the diet was increased to 300 Gm. of carbohydrate, 100 Gm. of protein, and 120 Gm. 
{ fat, and protamine zinc insulin, 60 units daily, was administered. The urine 
became free from sugar on April 20. On April 22 the cephalin-cholesterol floccula- 
tion reaction was 1 plus, indicating hepatic improvement. On May 10 the intravenous 
hippuric acid test revealed a normal excretion, 0.68 Gm. in terms of benzoic acid. 


3. Subjects with Unsuspected Disease of the Liver—This group 
table 3) consisted of 12 “normal” adults and of 60 patients with mis- 
cellaneous diseases selected at random from the hospital wards and from 
the outpatient gastrointestinal department. No evidence of hepatic 
disease was apparent from the records of the routine histories and exami- 
nations. Blood specimens were obtained for routine cephalin-cholesterol 
flocculation tests, and all subjects with positive reacting serums were 
further investigated by more careful history taking, meticulous reexami- 
nations, supplementary tests of liver function and, whenever possible, 
histologic or gross examinations of the liver. 

_ Positive flocculation reactions were produced by the blood serums 
. +3 subjects (60 per cent), prompt, strong (2 plus to 4 plus) reac- 
tions having been obtained in 26 and slight (plus-minus to 1 plus) 
reactions in 17. In the remaining 29, the flocculation tests gave nega- 
tive reactions. In 25 of the subjects with positive blood serums, one 
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or more supplementary tests of liver function revealed abnormalities, 
and in 3 others confirmatory evidence of disease of the liver was found 
at operation, necropsy or biopsy. Thus, in a total of 28 (65 per cent) 
of the 43 positive flocculation reactions the diagnosis was further 
established by other means. It is clinically significant that 5 of these 
28 subjects had regarded themselves as normal, healthy adults. Here 
again it may be noted that a bromsulphalein test was performed in 21 
of the confirmed cases and the excretion was normal in 6, the average 
dye retention in the abnormal cases being 24 per cent at the end of thirty 
minutes. The hippuric acid test was normal in 8 of 16 confirmed cases. 

In the cases of the remaining 15 patients with positive flocculation 
reactions, in which for one reason or another adequate confirmatory 
studies could not be made, further clinical study disclosed a history of 
dyspepsia in 2, hepatic tenderness or enlargement in 4, sulfanilamide 
(20 Gm.) therapy in 1, hyperthyroidism in 3, ulcerative colitis in 1, 
glomerulonephritis in 2, infectious mononucleosis in 1 and pernicious 
anemia with involvement of the cord in 1. 

The significance of these surprising results and their implications 
may be demonstrated more vividly by a brief presentation of the 
following reports. 


Case 7.—I. W., a white man aged 28, a physician, who had regarded himself 
as a healthy, normal person, submitted blood to be used in this study as a normal con- 
trol. The cephalin-cholesterol flocculation reaction was 3 plus in twenty-four hours. 
Four days later another sample of blood again produced a 3 plus flocculation reaction. 
Further investigation revealed in retrospect a history of frequent belching, recurrent 
abdominal cramps with diarrhea for two years and a sallow complexion for several 
years. Examination disclosed subicteric scleras and slight tenderness to percussion 
with the fist over the liver. The icterus index was 14 units. The value for 
total serum cholesterol was 199 mg. and that for cholesterol esters 126 mg. per 
hundred cubic centimeters (63 per cent). The bromsulphalein test showed 30 per 
cent retention in thirty minutes. The cholecystogram was normal. Approxi- 
mately two weeks later, while on a vacation, he became visibly jaundiced, and 
two weeks thereafter the icterus index was 20 units. His scleras are still subicteric, 
and the most recent flocculation reaction was 1 plus. The diagnosis was mild 
acute hepatitis, probably representing an acute exacerbation of a preexisting sub- 
clinical chronic hepatitis. 


Case 8.—M. K., a white man aged 66, had been receiving ambulatory treatment 
for a roentgenographically proved chronic duodenal ulcer. Although the pain of 
the ulcer had been relieved thereby, he complained of persistent heartburn and 
regurgitation of sour material shortly after meals. Physical examination, gastroscopic 
study and roentgenograms of the stomach, intestines and gallbladder failed to reveal 
any abnormality. A routine cephalin-cholesterol flocculation reaction was 3 plus. 
The icterus index was 5 units. The hippuric acid excretion was 2.51 Gm. (84 per 
cent) in terms of benzoic acid. The diagnosis was mild chronic hepatitis. Appro- 
priate therapy, including administration of vitamin B complex, resulted in symp- 
tomatic improvement and a reduction in the flocculation reaction to 1 plus. 
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Case 9—N. G., a Negress aged 37, had been under treatment for “irritable 
colon.” The reaction to a routine cephalin-cholesterol flocculation test was 2 plus. 
Further inquiry elicited a history of frequent nausea, and careful reexamination 
revealed a tender liver palpable 4 cm. below the costal margin in the midclavicular 
line on inspiration. Roentgen studies gave negative results except for an irritable 
colon and fair concentration of the dye in the gallbladder. Gastroscopic exami- 
nation revealed no abnormality. The bromsulphalein test showed 30 per cent 
retention in thirty minutes. The added diagnosis was mild chronic hepatitis. It 
becomes apparent from these results that the diminished visualization of the gall- 
bladder may possibly have resulted from the impaired excretory function of the 
liver rather than from disease of the gallbladder. 


Case 10.—S. S., a white man aged 43, had undergone a cholecystectomy for 
cholelithiasis and chronic cholecystitis three months previously and was feeling 
“fine.” Physical examination gave negative results. The reaction to a routine 
cephalin-cholesterol flocculation test was 3 plus. The bromsulphalein test showed 
30 per cent retention in thirty minutes. The icterus index was 13 units. The 
diagnosis was subclinical chronic hepatitis. 


Case 11.—H. W., a white man aged 61, had for four years received hospital 
and outpatient care because of recurrent nausea and “burning” and tenderness in 
the epigastrium. Exhaustive studies gave negative results except for gastroscopic 
evidence of advanced, diffuse atrophic gastritis. As studies of liver function had 
not been made, a routine cephalin-cholesterol flocculation test was performed, and 
a 3 plus reaction was obtained. The hippuric acid excretion three days later 
was 2.01 Gm. (67 per cent) in terms of benzoic acid. The icterus index was 
4 units. Further inquiry at this time disclosed a history of severe dermatitis in 
1933, following sixteen injections of neoarsphenamine for syphilis and requiring 
multiple blood transfusions; there had been no manifest jaundice. The added 
diagnos:s was subclinical chronic hepatitis secondary to arsphenamine intoxication. 


It is evident from these observations and from table 3 that mild 
and subclinical disease of the liver is much more common than is 
generally appreciated or clinically recognized. Indeed, the importance 
of this unexpected finding and the consequent need of more careful 
study specifically directed toward the early diagnosis of disease of the 
liver cannot be overemphasized, for it is only in this stage that appro- 
priate therapy may most successfully arrest the pathologic process and 
effect a restitution of normal function. 


COMMENT 


In this study the cephalin flocculation reaction was found to be 
positive in the serum of all patients with acute hepatitis, cirrhosis and 
chronic passive congestion of the liver, whereas in the serum of patients 
with hepatic carcinoma the reaction seemed to be related to the extent 
of malignant involvement. It was further observed that clinical improve- 
ment was accompanied with a decrease in the flocculation reaction. 
Of the patients with obstructive jaundice, flocculation reactions were 
negative in the serums of only 2 and slight in those of the majority. 
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In 4 of the latter evidence of disease of the liver was demonstrable. 
and in 1 patient with a strongly flocculating serum advanced biliary 
cirrhosis was found. Hanger? reported negative flocculation reactions 
for 10 of 46 patients with cirrhosis, for all of 13 patients with chronic 
passive congestion and for 21 of 25 patients with obstructive jaundice, 
but such divergent results are not inconsistent, for the degree of active 
damage to the liver associated with these disorders may vary in different 
persons or at different times in the same person. From the present 
study it is believed that the flocculation test may be of distinct value 
in differentiating obstructive from parenchymatous jaundice, either a 
negative or a slightly positive reaction indicating the obstructive form. 
Strongly positive reactions early in the course of jaundice point to a 
parenchymatous form of the disease whereas in the presence of long- 
standing jaundice they may not be of differential value owing to exten- 
sive secondary hepatic damage. Attention must be directed to a form 
of postarsphenamine jaundice recently described by Hanger and Gut- 
man,'* which is associated with a negative flocculation reaction and 
which is believed to be due to intrahepatic biliary obstruction rather 
than to parenchymatous changes. 


For a number of years it has been a routine procedure of mine to 


search diligently in all patients for symptoms and signs suggestive of 
hepatic disease. Consequently the results recorded for the 38 patients 


with clinically suspected disease of the liver are of particular interest, 
for the flocculation reactions were positive for all. In 33 the diagnosis 
was confirmed by other means, and in the remaining 5, presumptive 
clinical evidence had been elicited. These data not only indicate the 
reliability of the flocculation test but clearly demonstrate the importance 
of more careful and intensive bedside study. Indeed, in 1933, Chapman, 
Snell and Rowntree '° observed “that careful examination in so-called 
latent cases (of cirrhosis) may elicit symptoms and signs at some time 
in the course of the disease.” More recently, Bloomfield *® echoed this 
thought when he stated that if physical examinations were made earlier. 
signs of insidious hepatic lesions probably could be detected in man) 
persons before the advanced stage of cirrhosis is reached. 

The striking number of persons with unsuspected disease of the liver 
as revealed by the routine use of the cephalin flocculation test is testi- 


14. Hanger, F. M., and Gutman, A. B.: Postarsphenamine Jaundice Appar- 
ently Due to Obstruction of Intrahepatic Biliary Tract, J. A. M. A. 115:203 
(July 27) 1940. 

15. Chapman, C. B.; Snell, A. M., and Rowntree, L. G.: Compensated Cir- 
thosis of the Liver: A Plea for More Intensive Consideration of the Earlier 
Stages of Disease of the Hepatic Parenchyma, J. A. M. A. 100:1735 (June 3) 
1933. 

16. Bloomfield, A. L.: The Natural History of Chronic Hepatitis (Cirrhosis 
of the Liver), Am. J. M. Sc. 195:429 (April) 1938. 
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mony that the incidence of mild and subclinical hepatic disease is higher 
than is generally appreciated today and that a meticulous clinical search 
for its presence should be made in all patients under observation. More- 
over, unless a confirmatory test of damage to the liver is incorporated 
as a routine procedure in the study of digestive disorders, just as the 
cholecystogram or gastric analysis is today, hepatic disease in many 
cases ‘is likely to remain unrecognized until irreversible functional 
changes have ensued. Since the cephalin-cholesterol flocculation test is a 
simple, sensitive test which can be performed simultaneously and expedi- 
tiously on a large number of serums, it is advocated as an ideal routine 
test for active disease of the liver. 

Finally, although the exact nature of the flocculating substance 
present in the serums of patients with disease of the liver is unknown, 
it has been suggested?* that the underlying mechanism is dependent 
on the adsorption of a quantitatively altered globulin constituent by 
the cephalin-cholesterol particles. Further studies, however, are neces- 
sary for a proper understanding of the various factors concerned. 


SUMMARY AND CONCLUSIONS 


The results obtained with the cephalin-cholesterol flocculation test 
in a study of 155 persons are reported. 

The cephalin-cholesterol flocculation test is a reliable, sensitive test 
of active damage to the liver, possessing prognostic value. 

It is useful in the early diagnosis of obstructive and parenchymatous 
jaundice, negative or slight flocculation reactions indicating obstructive 
jaundice and prompt, strong flocculation reactions denoting paren- 
chymatous jaundice. 

The results of routine cephalin-cholesterol flocculation studies in 
an unselected group of patients indicate that mild and subclinical disease 
of the liver occurs more frequently than is generally appreciated and 
unless specifically sought may elude recognition. It is proposed that 
a test of liver function be incorporated as an integral part of the study 
of all patients with digestive disorders. 

Because of its simplicity, the cephalin-cholesterol flocculation test is 
advocated as an ideal routine test for active disease of the liver. 


ADDENDUM 


on 


ce the preparation of this paper, Pohle and Stewart ** have reported 
similar obsrevations indicating that the cephalin-cholesterol flocculation 


17. Hanger, F. M.: Personal communication to the author. 

18. Pohle, F. J., and Stewart, J. K.: The Cephalin-Cholesterol Flocculation 
Test as an Aid in the Diagnosis of Hepatic Disorders, J. Clin. Investigation 20:241 
(March) 1941. 
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test is a sensitive and reliable index of disease of the liver. Further: they 
observed positive flocculation reactions in 18 of 23 cases of obstructive 
jaundice and concluded that the flocculation test is “not a reliable guide” 
in the differential diagnosis of obstructive and parenchymatous jaundice. 
It is evident that the results of the flocculation test in cases of obstructive 
jaundice depend on the amount of associated damage to the hepatic 
parenchyma. Hence the cephalin flocculation test may prove more 
reliable if either slight or negative flocculation reactions are regarded 
as indicative of obstructive jaundice, particularly if the patients are seen 
early in the course of the disease. 
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ROLE OF THE ADRENAL GLANDS IN SHOCK 


VALUE OF DESOXYCORTICOSTERONE ACETATE IN THE 
PREVENTION OF OPERATIVE SHOCK 


EDWARD L. BESSER, M.D. 
IOWA CITY 


There is considerable evidence to substantiate the postulate that 
the adrenal cortex acts as a protective mechanism against the develop- 
ment of many of the so-called states of shock. Adrenalectomy produces 
a state of shock. Normal health and vigor under ordinary conditions 
may be maintained in adrenalectomized dogs by injections of adrenal 
cortical extract. However, these dogs have circulatory collapse follow- 
ing any stimulus which puts a strain on the organism.* Certain 
investigators have called attention to the similarity of the signs and 
symptoms of adrenal insufficiency and those of secondary or traumatic 
shock and have suggested that the latter may be due to failure of 
adrenal cortical function. Selye and his co-workers? have reported 
that one of the tangible evidences of the organism’s attempt to combat 
shock is found in their studies, which showed increased activity of the 
adrenal glands during recovery from shock. Weil and Browne * found 
unusually large quantities of adrenal cortical hormone in the urine 
of patients who underwent various surgical procedures and in other 
patients subject to stimuli of the shock-producing type. Selye and his 
collaborators found characteristic pathologic changes in the adrenals 
in the presence of traumatic shock. The weight and size of these glands 
were found to have increased, and the cortical cells were greatly 
enlarged and showed evidence of having discharged their lipid granules. 
These changes were found to follow ‘shock produced by many types of 


From the Department of Surgery, University of Iowa School of Medicine. 

Desoxycorticosterone acetate for this study was supplied by Drs. G. Stragnell 
and E. Schwenk, of the Schering Corporation, Bloomfield, N. J. 

Dr. Adelaide P. Barer, of the Department of Medicine, carried out the hemo- 
globin determinations by means of a Klett Sumsnerson photoelectric colorimeter. 
/ 1. Swingle, W. W.; Parkins, W. M.; Taylor, A. R., and Hays, H. W.: A 
Study of the Circulatory Failure and Shock Following Trauma to the Healthy 
Vigorous Adrenalectomized Dogs, Am. J. Physiol. 124:22, 1938. 
; 2. Selye, H.; Dosne, C.; Bassett, L., and Whittaker, J.: On the Therapeutic 
Value of Adrenal Cortical Hormones in Traumatic Shock and Allied Conditions, 
Canad. M. A, J. 43:1, 1940. 

3. Weil, P., and Browne, J. S. L.: The Excretion of Cortin After Surgical 
Operations, Science 90:445, 1939. 
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stimuli, such as overdosage of drugs, exposure to cold, fractures and 
peritoneal lesions. This extends and corroborates the data of Zwemer ‘ 
and those of Wohl and his associates,» who also found evidence 
of pathologic changes in the adrenal cortex in other conditions asso- 
ciated with circulatory collapse. 

Although extensive knowledge concerning the functions of the 
adrenal cortex is lacking, certain functions have been studied. There 
is considerable evidence that the adrenal cortical hormone has governing 
powers over the following factors: (@) electrolyte balance, particularly 
the balance between the sodium and the potassium ions;* (b) circulat- 
ing plasma volume,’ and (c) capillary permeability. Since increased 
capillary permeability is present in certain phases of surgical shock, 
the work of Menkin on the relation of adrenal cortical extract to such 
permeability is of particular interest. Menkin*® reported that the 
increase in capillary permeability caused by inflammatory exudates can 
be wholly or in part inhibited by the local injection of adrenal cortical 
extract. The criterion of permeability is the degree of permeation 
of the capillary wall by trypan blue. A preliminary observation with 
desoxycorticosterone acetate indicated a similar inhibitory tendency on 
capillary permeability. There is evidence that the adrenal cortical 
hormone antagonizes both insulin hypoglycemia and epinephrine hyper- 
glycemia ° and is interrelated with activities of other endocrine glands.”’ 
Since there apparently are many functions of the adrenal cortex, it is 
not surprising that cortical preparations have been used in the treat- 


4. Zwemer, P. L.: Study of Adrenal Cortex Morphology, Am. J. Path. 12: 
107, 1936. 

5. Wohl, M. G.; Burns, J. C., and Clark, J. H.: Adrenal Glands in Dogs with 
High Intestinal Obstruction, Proc. Soc. Exper. Biol. & Med. 33:543, 1936. 

6. Thorn, G. W.; Barbutt, H. R.; Hitchcock, F. A., and Hartman, F. A.: 
Effect of Cortin upon Renal Excretion of Sodium, Potassium, Chloride, Inorganic 
Phosphorus and Total Nitrogen in Normal Subjects and in Patients with Addison’s 
Disease, Endocrinology 21:213, 1937. * 

7. (a) McAllister, F. F., and Thorn, G. W.: Effect of Adrenal Cortical 
Hormone on Reduction of Plasma Volume Resulting from Etherization, Proc. Soc. 
Exper. Biol. & Med. 36:736, 1937. (b) Fine, J.; Fuchs, F., and Mark, J.: Effect 
of Desoxycorticosterone on Plasma Volume in Intestinal Obstruction, ibid. 48: 
514, 1940. (c) Ragan, C.; Ferrebee, J. W., and Fish, G. W.: Effect of Desoxycorti- 
costerone Acetate upon Plasma Volume in Patients During Ether Anesthesia and 
Surgical Operations, ibid. 42:712, 1939. 

8. Menkin, V.: Effect of Adrenal Cortex Extract on Capillary Permeability, 
Am. J. Physiol. 129:691, 1940. 

9. Selye, H., and Dosne, C.: Inhibition by Cortin of Blood Sugar Changes 
Caused by Adrenalin and Insulin, Proc. Soc. Exper. Biol. & Med. 42:580, 1939. 

10. Selye, H.: Thymus and Adrenals in Response of Organism to Injuries and 
Intoxications, Brit. J. Exper. Path. 17:234, 1936. Selye and others.? 


ment 0! 
in the 
will no 
in case 
intox1cé 
and su 
reporte 
that it 
any on 
because 
expe SCC 
Thi 
relatior 
to suge 
ment 0 
by intr 
intestin 
and int 
only te 
11. \ 
Shock i1 
12. ( 
tion in t 
& Med. 
Cortical 
Closed | 
13. 2 
tion of | 
14, ] 
crinolog 
15. | 
Course 
Brit. J. 
Blood (¢ 
with S« 
M. J. 4 
16. | 
Mortali 
Canad. 
Shock 1 
Cortex 
Scudde: 
Lippine 
Greenb 
Hormo 


L. €: 





and 
ner * 
ence 


iSSO- 


the 
here 
ning 
larly 
ulat- 
ased 
10ck, 
such 

the 
can 
tical 
ation 
with 
y on 
tical 
/per- 
ds.” 
it is 
reat- 


. £2 
; with 


iy & 
‘ganic 


is¢ yn’s 


rtical 
. Soc. 
Effect 
. 48: 
corti- 
a and 


bility, 


anges 


BESSER—ADRENAL GLANDS IN SHOCK 251 


ment of many conditions. Adrenal cortical therapy is well established 
vn the treatment of Addison’s disease, and this use of the treatment 
will not be discussed further. Beneficial effects have been reported 
in cases of anaphylaxis,"* intoxication due to intestinal obstruction,” 
intoxication due to potassium,’* various infectious diseases,‘* burns *° 
and surgical shock.*® The fact that adrenal cortical therapy is of 
reported value in such a diversity of conditions led Selye to suggest 
that it is “rather likely that the hormone is not a specific antidote in 
anv one of these conditions but raises shock resistance in general 
because a condition of ‘relative adrenal insufficiency’ exists in organisms 
exposed to non-specific damage.” * . 

This paper is chiefly concerned with adrenal cortical therapy in 
relation to surgical shock. There is considerable experimental work 
to suggest that adrenal cortical preparations are of value in the treat- 
ment of this condition. Heuer and Andrus **” produced shock in dogs 
by intravenous injection of aqueous extracts of the contents of obstructed 
intestines. Control dogs did not recover from the shock thus produced, 
and intravenous transfusions of blood or saline solution brought about 
only temporary improvement. However, when adrenal cortical extract 


11. Wolfram, J., and Zwemer, R. L.: Cortin Protection Against Anaphylactic 
Shock in Guinea Pigs, J. Exper. Med. 61:9, 1935. 

12. (a) Wohl, M. G.; Burns, J. C., and Pfeiffer, G.: High Intestinal Obstruc- 
tion in the Dog Treated with Extract of Adrenal Cortex, Proc. Soc. Exper. Biol. 
& Med. 36:549, 1937. (b) Heuer, G. J., and Andrus, W. De W.: Effect of Adrenal 
Cortical Extract in Controlling Shock Following Injection of Aqueous Extracts of 
Closed Intestinal Loops, Ann. Surg. 100:734, 1934. 

13. Zwemer, R. L., and Truskowski, R.: Importance of Corticoadrenal Regula- 
tion of Potassium Metabolism, Endocrinology 21:40, 1937. 

14. Pottenger, F. M.: Neural and Endocrine Factors in Bodily Defense, Endo- 
crinology 21:449, 1937. 

15. Wilson, W. C.; MacGregor, A. R., and Stewart, C. P.: The Clinical 
Course and Pathology of Burns and Scalds Under Modern Methods of Treatment, 
Brit. J. Surg. 25:826, 1938. Wilson, W. C., and Stewart, C. P.: Changes in 
Blood Chemistry After Burning Injuries and in Other Grave Surgical Conditions, 
with Some Reference to Treatment by Desoxycorticosterone Acetate, Edinburgh 
M. J. 46:153, 1939. 

16. (a) Weil, P. G.; Rose, B., and Browne, J. S. L.: The Reduction of 
Mortality from Experimental Traumatic Shock with Adrenal Cortical Substances, 
Canad. M. A. J, 43:8, 1940. (b) Selye, H., and Dosne, C.: Treatment of Wound 
Shock with Corticosterone,. Lancet 2:70, 1940. (c) Reed, F. R.: Acute Adrenal 
C rtex Exhaustion and Its Relationship to Shock, Am. J. Surg. 40:514, 1938. (d) 
Scudder, J.: Shock: Blood Studies as a Guide to Therapy, Philadelphia, J. B. 
‘Ippincott Company, 1940. (e¢) Perla, D.; Freiman, D. C.; Sandberg, M., and 
Sreenberg, S. S.: Prevention of Histamine and Surgical Shock by Cortical 
Hormone and Saline, Proc. Soc. Exper. Biol. & Med. 48:397, 1940. (f) Northrup, 
L.C.: Adrenal Cortex in Surgery, J. Oklahoma M. A. 32:83-84, 1939. 
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was given with the transfusion the blood pressure returned to a level 
near normal and the lives of the animals were prolonged. Perla and his 
co-workers ** reported that adrenal cortical extract and desoxycorti- 
costerone when given with saline solution were efficacious in prevent- 
ing and in treating histamine shock in rats. It has been previously 
stated that the adrenal cortical hormone is concerned with the regulation 
of circulating plasma volume. A decreased circulating plasma volume (3 pa 
is invariably associated with surgical shock. Certain anesthetic agents, ae 
particularly ether, cause such a decrease. McAllister and Thorn” MnTrea 
found that in dogs this decrease could be prevented by large intravenous 
doses of adrenal cortical gxtract. Ragan and his associates ** reported 
that the administration of desoxycorticosterone acetate three or four 
hours before operation prevented a decrease in plasma volume in a 
group of patients on whom urologic operations were performed with Trea 
ether anesthesia. In control cases there was a decrease in plasma (lad 
volume from 3 to 8 per cent. Fine and his co-workers * found that ia 
the fall in plasma volume observed in dogs subjected to distention of 
the small intestine could be diminished by the administration of desoxy- 
corticosterone acetate but that survival was not significantly increased. 

In spite of the evidence which has accumulated in the experimental 
laboratories concerning the value of cortical therapy in the treatment “a 
or prevention of shock, there are few reports concerning the clinical 
application of this work. Wilson and his associates ** reported favor- 
able results from the use of adrenal cortical extract in the treatment of 
shock in cases of extensive burns. Reed * gave adrenal cortical extract ag 
to 50 patients undergoing various gynecologic and general surgical re 
procedures. His clinical impression was that these patients were 
definitely resistant to shock, and in several instances in which shock 
had occurred the cortical extract was of great value in conjunction with 
intravenous fluids and transfusion. Perla *** gave desoxycorticosterone 
acetate to 12 patients whom he considered poor risks, and his impression 
was that these patients did unusually well; in none of them did shock 
develop. Desoxycorticosterone was given for several days before opera- 
tion, in conjunction with sodium chloride. 

It is exceedingly difficult to determine the value of any therapeutic Coleetor 

measure in preventing the shock associated with clinical operative a 
procedures. The factors that produce shock under these conditions, 
i. e., hemorrhage, tissue trauma, neurogenic reflexes and depth and type 
of anesthesia, vary markedly from case to case. The resistance of the 
patients varies tremendously, since this is dependent on the states 0! 
dehydration and nutrition, the degree of anemia and other factors. 

In the general surgical service of the University Hospitals, 72 
patients have been given desoxycorticosterone acetate preoperatively. 
This substance is absorbed in such a manner that the maximum effect 
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-_Value of Desoxycorticosterone in the Prevention of Operative Shock 








THORACIC OPERATIONS 


Blood Loss, Ce. 
rem 


Anesthetic Surgical Latent _ ~ 1 
Cases Shock Shock Shock No Shock Shock 
Thoracoplasty ‘ “ ‘ 3! 
Treated patients..... 20 1 8 (40%) 0 Maximum Th 04 
Minimum 330 483 
Average 470 708 


22 2 10 (43%) Maximum 610 919 
Minimum 200 $26 


patients in each group had received intravenous fluids; 


Average 


Oo 
“<< 


600 


1 in group treated with desoxycorticosterone had shock) 


Lobectomy and pneumonectomy 
é 2 (66%) 


(66%) 


RADICAL MAsTECTOMY 


Treated patients..... 10 0 3 (33%) 0 M 
M 


Blood Loss, Ce. 


aximum 695 (7 cases in- 
inimum 390 cluding all 


(1 additional patient was given intravenous fluids because Average 560 «cases of 


of inereased pulse rate) 
Controls 0 2 (40%) M 


shock) 
aximum 640 


Minimum 350 
Average 480 


ABDOMINAL OPERATIONS 


Anes- 
thetic Surgical Latent 
Cases Shock Shock Shock 
Gastric resection 


Controls 


Operation for intestinal conditions 
Treated 
Resection 
Operation for fecal fistula. 
Operation for ventral hernia.... 
Mikuliez procedure 
Exploratory laparotomy, ap- 
pendectomy 


Controls 
ee er eer 
Operation for feeal fistula 
Operation for ventral hernia.... 
Mikuliecz procedure 


. 8 (21%) 0 
Duration of anesthesia, 1% hours or longer in each case) 
Coleetomy 
Treated patients..... 1 1(25%) 0 
Controls....... 1 2 (28%) 0 


ABDOMINOPERINEAL RESECTION 


Shock in Shock Shock on Return 
Anes- Abdom- in —--"_-_-— 
; thetie inal Perineal Mod- 
Cases Shock Part Part erate Severe 


lpatients 12 1 1 4 (33%) 3 (25%) 0 


5 (40%) 2(16%) 1(8%) 


Blood Hemo- 
Loss, concen- 
Ce. tration 


Maximum 370 15% 
Minimum 120 4% 
Average 2060 6% 
Maximum 4500 

Minimum 210 4% 
Average 310 1% 


Maximum 340 10% 
Minimum 82 8% 
Average 180 5% 
12 cases 8 cases 
(Ineludes all 
cases of shock) 


Maximum 300 13% 
Minimum 90 3% 
Average 190 6% 
6cases 5 cases 
(Includes all 
cases of shock) 


Intravenous Fluids Neces- 
sary During Operation 
3 (75%) 
4 (57%) 


Total 
Number Blood 
with Loss, 
Shock Ce. 


6 (60%) 12 cases 
Maximum 500 
Minimum 200 
Average 380 

7 (9%) 6 cases 
Maximum 781 
Minimum 234 
Average 420 
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is obtained between four and twelve hours after injection..7 Thus, in 
order to have a maximum level at the time of operation, injections were 
given twelve, six and four hours before operation. Five or ten milli- 
grams was given at each intramuscular injection. This routine was 
followed for the thoracoplasty, lobectomy, radical mastectomy and 
gastrectomy. In addition to this divided preoperative dose, 5 mg. was 
given twice daily for two days to patients on whom intestinal operations 
and abdominoperineal resections of the rectum were performed. With 
few exceptions these patients were given intravenous injections of physio- 
logic solution of sodium chloride varying between 1,000 and 3,000 cc. 
for two or three days before operation. It was not thought advisable 
to give desoxycorticosterone acetate over a long period before opera- 
tion because of the possibility that this procedure might cause atrophy 
of the adrenal cortex.’ Selye * recently has found evidence to substan- 
tiate this possibility. 

In order to obviate as many variables as possible, these cases were 
placed in groups for comparison on the basis of type of operation. The 


TasLe 2.—Comparative Data 








Total number of treated patients 
Total number of treated patients in whom shock developed 


Total number of control subjects 
Total number of control subjects in whom shock developed 





amount of hemoglobin lost at operation was determined from the 
sponges, drapes, etc., and by comparison with the original hemoglobin 
level the quantity of blood lost was determined. The results for the 
treated patients and for the contrdls are shown in tables 1 and 2. Space 
does not permit an analysis of such factors as the plane of anesthesia, the 
duration of the operation and the determination of the probable cause 
of shock in each case. However, it is felt that sufficient data are given 
to support the conclusion that desoxycorticosterone acetate given pre- 
operatively in the doses cited had little significant effect in preventing 
shock associated with these general surgical procedures as compared 
with control groups. The criterion of surgical shock was arbitrarily 
established as a state in which the blood pressure was below 80 systolic 
and 60 diastolic and the associated pulse rate was above 115. In both 
the treated and the untreated patients shock was usually not severe 


17. Thorn, G. W.: Personal communication to the author. 

17a. Recent communications from other investigators have revealed that much 
larger doses of desoxycorticosterone acetate have been given to normal patients 
without evidence of adrenal cortical atrophy. 


and 1 
of pl 
treat 
is 
befor 
of the 
was |! 
trol 
tratic 
early 
detec 
rhage 
anest 
red ¢ 
hem 
It is 
perin 
that 

doub 
tions 
dene 


an UW 
< 


~ 


recet 
whic 
teste 
in le 
corti 
extre 
ing 

asso 
terol 
Cort 
Sely 
shoc 
pre Ib 
if de 
there 
prov 





lus, in 
Ss were 
milli- 
© was 
y and 
o. was 
rations 
With 
hysio- 
100 ce. 
visable 
opera- 
trophy 
ibstan- 


oglobin 
for the 

Space 
sia, the 
cause 
e given 
pn pre- 
venting 
mpared 
itrarily 
systolic 
In both 


severe 


iat much 
patients 


BESSER—ADRENAL GLANDS IN SHOCK 255 


and responded to intravenous administration of fluids or to transfusion 
of plasma or blood. There were no deaths from shock in either the 
treated or the control group. 

Hematocrit determinations were made in a number of the cases 
before operation and at the time when shock developed or at the end 
of the operation.'* Hemoconcentration, as determined by the hematocrit, 
was manifest in about the same degree in both the treated and the con- 
trol group. Moon*® and others have called attention to hemoconcen- 
tration as determined by the red cell count and the hematocrit as an 
early manifestation of shock. However, the value of this method for 
detecting developing shock during operations is limited, since hemor- 
rhage causes irregularities ; also, many of the operations were done with 
anesthesia induced by ether, and this agent increases the number of 
red cells in the circulation by contraction of the spleen. Hence these 
hemoconcentration studies are cited only as corroboratory evidence. 
It is thought that the number of thoracic operations and abdomino- 
perineal resections of the rectum is large enough to prove conclusively 
that desoxycorticosterone in the doses used is of little value. Some 
doubt may be expressed whether enough intestinal and gastric opera- 
tions have been followed to produce conclusive evidence. The inci- 
dence of shock associated with these procedures is normally low, and thus 
an unusually large series would be necessary to offer infallible proof. 

Selye and his co-workers? and Weil and his associates *** have 
recently published several reports of studies on traumatic shock in 
which cortical extracts, corticosterone and desoxycorticosterone were 
tested for their ability to prevent and relieve traumatic shock produced 
in laboratory animals by several methods. They found that desoxy- 
corticosterone was of little value in this respect; however, cortical 
extract and pure corticosterone made animals more resistant to shock- 
ing procedures and tended to prevent the fall in plasma volume 
associated with these procedures. They suggested that desoxycorticos- 
terone does not possess certain properties found in the extracts. 
Corticosterone is a steroid which is extracted from the adrenal cortex. 
Selye found this to be the most active steroid in producing resistance to 
shocking procedures. This product has not been synthesized, and the 
problem of obtaining it in large quantities has not been solved. Thus, 
if desoxycorticosterone is not effective in preventing operative shock, 
there is the possibility that a more active steroid, corticosterone, may 
prove of value. 


18. Wintrobe hematocrit tubes and the Wintrobe technic were used. 


19. Moon, V. H.: Shock and Related Capillary Phenomena, New York, Oxford 
University Press, 1938. 
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SUMMARY 
Certain theoretic reasons and experimental evidence have been 
reviewed which form the basis for the postulate that adrenal cortical 
therapy may be of value in preventing shock associated with surgical 
procedures. Desoxycorticosterone acetate, a synthetic product having 
certain properties of adrenal cortical extract, was given to 72 patients 
undergoing extensive general surgical operations. The drug was given 


preoperatively. This product (in the dosage used) was found to be of 
little significant value in preventing shock, as evidenced by comparison 


of treated patients with controls. 
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SQUAMOUS CELL CARCINOMA ARISING IN A 
CHRONIC OSTEOMYELITIC SINUS TRACT 
WITH METASTASIS 


EUGENE S. BERESTON, M.D. 


BALTIMORE 
AND 


CHARLES NEY, M.D. 
NEW YORK 


Carcinoma arising in a chronic osteomyelitic sinus tract has been 
reported sporadically for more than a hundred years and with somewhat 
greater frequency within the last decade. Nevertheless, the increasing 
incidence of chronic osteomyelitis that may be expected as a conse- 
quence of the war justifies directing attention to a complication that is 
by no means generally appreciated. This consideration and the fact 
that there are few reports of metastasis from carcinoma of an osteomye- 
litic sinus tract have prompted us to submit 2 cases and to review the 
literature. 

The first case of this type of carcinoma appears to have been reported 
by Hawkins,’ of London, England, in 1835, under the title “Cases of 
Warty Tumors in Cicatrices.” Dittrich * in 1847 recorded the next case, 
in which the tibia was involved. Thigh amputation was performed, 
and the diagnosis of carcinoma was confirmed by Rokitansky. Between 
1851 and 1891 the following authors reported cases: Hannover,’ 1852; 
Cornil and Ranvier, 1866; Winiwarter,® 1878; Esmarch,® 1878; Nico- 
ladoni,” 1881; Fischer, 1881; Volkmann,® 1889; Van Hook,'® 1890, 


From the Department of Dermatology and the Laboratory Division, the 
Montefiore Hospital for Chronic Diseases, New York. 

1. Hawkins, C.: Cases of Warty Tumors in Cicatrices, Med.-Chir. Tr. 19:19, 
1835. 

2. Dittrich, H. F.: Ueber Epithelialwucherungen auf und in Knochen— 
sogenannte Epithelialkrebse, Vrtljschr. f. d. prakt. Heilk. 3:363, 1847. 

3. Hannover, A.: Das Epithelioma, Leipzig, L. Voss, 1852, pp. 12-150. 

4. Cornil, V., and Ranvier, L.: Contributions a l’etude du développement histo- 
logique des tumeurs épithélieles (cancroide), J. de l’anat. et physiol. 3:271, 1866. 

5. von Winiwarter, A.: Beitrage zur Statistik der Carcinoms, Stuttgart, 
Ferdinand Enke, 1878: abstracted, J. de méd., chir. et pharmacol. 68:424, 1879. 

6. Esmarch, F.: Aphorismen iiber Krebs, Arch. f. klin. Chir. 22:437, 1878. 

7. Nicoladoni, C.: Epitheliombildung in Sequesterladen, Arch. f. klin. Chir. 
26:9, 1881. 

8. Fischer, S.: Ueber die Ursachen der Krebskrankheit und ihre Heilbarkeit 
durch das Messer, Deutsche Ztschr. f. Chir. 14: 468, 1881. 


(Footnotes continued on next page) 
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and Feigel,** 1891. In 1891 Borchers ** compiled a list of 20 cases 
from the literature and added 5 cases of his own. Von Friedlander 
in 1894 reported 3 cases, and in the same year Devars ™* reviewed 34 
cases from the literature and described 5 additional cases. 


He stressed 
the tibia as the most common site for the development of carcinoma in 
chronic osteomyelitic sinuses. In 1897 Cone ** surveyed the literature 
and described 2 of his own cases. Between 1898 and 1904 additional 
cases were presented (Verdelet **; Cruchet ‘*; Lanelongue'*; Car- 
gue **; Bauby *°; Guiot *?; Sherrill **). During the early twenties case 
reports were few (Mathieu and Khan **; Hitzrot**). In 1928 Ver- 
nengo *® reported a case of this condition in a man of 24, and in 1929 

9. Volkmann, R.: Ueber das primare Krebs der Extremitaten, Samml. klin, 
Vortr., 1889, nos. 334-335 (Chir. no. 102), p. 3123. 

10. Van Hook, W.: Carcinomas Arising in Inveterate llcers and in Ancient 
Sinuses, North Am. Practitioner 2:385, 1890. 

11. Feigel, L.: Case of Primary Cancer of the Tibia, Przegl. lek. 30:457 and 
470, 1891; cited by Benedict.?* 

12. Borchers, F.: Ueber das Carcinom welches sich in alten Fistelgangen 
der Haut entwickelt, Inaug. Dissert., Gottingen, 1891. 

13. von Friedlander, F. R.: Beitrag zur Kenntnis der Carcinomentwicklung in 
Sequesterhéhlen und Fisteln, Deutsche Ztschr. f. Chir. 38:473, 1894. 

14. Devars, M.: De la dégénérescence cancroidal des anciens foyers ostéo- 
myélitiques, Thesis, Lyon, no. 933, Lyon, A. Rey, 1894; abstracted, Lyon méd. 
74:510, 1894. 

15. Cone, S. M.: Squamous Epithelioma and Epithelial Hyperplasia in Sinuses 
and Bone Following Osteomyelitis, Bull. Johns Hopkins Hosp. 8:146, 1897. 

16. Verdelet, L.: Epithélioma de la jambe développé sur d’anciens trajets 
d’ostéomyélite chronique du péroné, Bull. Soc. d’anat. et physiol. de Bordeaux 
19:33, 1898. 

17. Cruchet, M.: Epithélioma osseux secondaire 4 un trajet d’ostéomyélite 
ancienne, Bull. Soc. d’anat. et physiol. de Bordeaux 20:13, 1899. 

18. Lanelongue, O.: Epithélioma osseux secondaire a un trajet d’ostéomyelite 
ancienne, J. de méd. de Bordeaux 29:162, 1899. 

19. Cargue, G.: Dégénérescence épithéliomateuse des vieux foyers d’ostéo- 
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Krey 2* mentioned a case reported by Mermet, of Paris, France. 
Young 2" described a case in 1930. Benedict ** in 1931 reported 12 
cases and reviewed the literature. Between 1931 and 1939 case reports 
were more frequent (Blanco **; Collins *°; Hellner **; Henderson and 
Swart °?; Norinder **; Placinteanu and Dobrescu **). In 1939 Hobart 
and Miller *° described 7 cases which, added to those of Benedict and 
Henderson, gave a total of 24 cases of carcinomatous degeneration in 
5.196 cases of chronic osteomyelitis. Stewart, Obermayer and Wool- 
handler ** in 1940 reported 1 case. 

On the basis of reports in the literature the following observations 
may be made: The new growth (squamous cell carcinoma) occurs 
usually in men 40 to 60 years of age with a history of osteomyelitis 
and sinus tract formation of twenty to thirty years’ duration, although 
a duration of fifty years is not uncommon. The most common sites are 
the tibia, the femur and the bones of the foot, in the order named. Car- 
cinoma should be suspected if a cauliflower mass appears at the sinus 
opening (superficial type) or if a foul discharge occurs (deep type). 
Often there is no external evidence of carcinoma and only biopsy or 
roentgen examination of the bone or both will reveal its presence. 

The favorable prognosis of this type of tumor has been stressed 
repeatedly by most authors, and the rarity of regional and visceral 
metastatic lesions has been emphasized. Borchers,’? in his group of 
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25 cases, noted that metastases were rare and that there were no 
metastases beyond the regional lymph nodes. However, his diagnosis 
of lymph node involvement was based on enlargement of lymph nodes 
and not on biopsy. In Devars’** 39 cases there were no metastases. 
Cone,’® in his analysis of the literature, emphasized the infrequent 
metastatic involvement of lymph nodes or other organs. He stated also 
that the lymphadenopathy may be inflammatory, as the nodes often 
become smaller after amputation. He suggested, therefore, that in the 
reported cases of involvement of lymph nodes with metastatic carcinoma, 
especially those of Borchers,'* the condition may have been inflammatory, 
Bauby *° reaffirmed the point that visceral metastasis is rare and that 
involvement of lymph nodes is probably inflammatory rather than 
metastatic. Benedict ** stated that this type of carcinoma is slow grow- 
ing and that the prognosis is favorable. In none of his cases did 
metastases occur. In the most recent discussion (Stewart, Obermayer 
and Woolhandler **) the authors reemphasized the fact that metastases 
seldom occur and in any event rarely go beyond the regional lymph 
nodes. As a further confirmation of the relatively benign course of these 
lesions, most authors ( Volkmann * ; Cone ** ; Benedict ** ; Henderson and 
Swart **) have maintained that amputation is curative in most instances. 

As far as we can ascertain, only 7 cases of metastases from carcinoma 
arising in chronic osteomyelitic sinus tracts have been reported in the 
literature. Volkmann® reported 3 such cases. He gathered the first 
2 from the literature and added a third of his own. Case 1 was that of 
Bartens, in which the tibia was the site of a sinus tract. An amputation 
was performed, but metastases developed and the patient died. Autopsy 
revealed carcinoma in the inguinal and mesenteric lymph nodes, liver 
and costal pleura. In case 2, reported by von Bruns, the patient also came 
to autopsy, and metastatic lesions were found in the liver, breast, kidneys, 
ribs and adjacent lymph nodes. In case 3 (Volkmann®) there was a 
carcinoma arising in an osteomyelitic sinus of the shoulder, with 
metastases to regional lymph nodes, namely, the axillary and the supra- 
clavicular. Disarticulation of the humerus was performed, but the 
patient committed suicide four months later. Autopsy was not recorded. 
Krey 2° mentioned a case, reported by Mermet, in which carcinoma 
occurred in a chronic osteomyelitic sinus of the tibia and metastases 
appeared in the contiguous femur, with fracture. However, no details 
of this case were given. Bauby *° reported the case of a 62 year old 
man with an osteomyelitic sinus tract of the tibia of fifty years’ duration. 
This man died, and autopsy revealed a squamous cell carcinoma involving 
the lymph nodes and the right lobe of the liver. Bauby expressed the 
belief that this arose from the chronic sinus tract. Hellner ** added a 
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case in which autopsy disclosed general lymph node, pleural and pulmon- 
ary metastases. Stewart, Obermayer and Woolhandler ** reported a 
case of carcinomatous degeneration of the epithelial lining of a chronic 
osteomvelitic cavity with cutaneous metastatic lesions of squamous cell 
carcinoma. 

Of the aforementioned 7 cases, 4 (those of Bartens and von Bruns, 
both cited by Volkmann,® that of Bauby *° and that of Hellner“') are 
definite cases of visceral metastases proved by autopsy. In Volkmann’s 
own case there was merely enlargement of regional lymph nodes which 
may have been inflammatory ; neither biopsy nor autopsy was mentioned. 
In Mermet’s case *® the tibia was the original site, and a lesion developed 
in the femur which Krey concluded was metastatic but which may have 
been due to direct extension. In the most recent case, that of Stewart 
and his associates,** there were no visceral metastases, but cutaneous 
metastases developed in the arm after amputation of the thumb for 
osteomyelitis. In summary, there are only 4 cases in which metastatic 
lesions definitely occurred in the viscera and only 1 in which metastases 
to the skin were observed. It is because of this rarity that the follow- 
ing 2 cases are reported. 

REPORT OF CASES 

Case 1—A 76 year old white man was admitted to the surgical service of the 
Montefiore Hospital. He was convalescing from a high thigh amputation of 
the leit leg, performed eight days previously at another hospital. His history 
revealed that twenty-five years previously he had fractured his left patella. This 
was repaired, but a persistent postoperative sinus remained in the region of the 
upper part of the left tibia. Ten days prior to admission to the Montefiore Hospital 
the patient suffered a fracture of the left tibia in the region of the old sinus tract 
following a fall. At another hospital the condition was diagnosed as chronic 
osteomyelitis of the tibia with squamous cell carcinoma about a chronic sinus 
tract, complicated by a pathologic fracture. High thigh amputation was per- 
formed, and eight days later the patient was transferred to the Montefiore 
Hospital. Physical examination revealed him to be fairly well developed, with 
no evidence of loss of weight. Bilateral chronic fibroid apical tuberculosis was 
ound. A roentgenogram confirmed this and revealed also thin-walled cavities 


m the left and a thickened pleura on the right. A left midthigh guillotine ampu- 
tation with a granulating base was present. A roentgenogram of the stump 


T 


evealed atrophy of the remainder of the shaft of the femur. The wound healed 
mcely, but five months later an indurated nodule, appearing in the stump, began 
to suppurate. This was followed by progressive enlargement of the left inguinal 
lymph nodes, which became indurated. The mass in the stump grew, and a specimen 
was taken for microscopic examination. In the report it was described as follows: 
“Squamous cell carcinoma with pearl formation and a moderate degree of pleo- 
morphism is present. In the depths of the corium, extending downward, are 
numerous irregular confluent islands of tumor cells in a mosaic pattern resembling 
lls of surface epithelium.” A roentgenogram taken at this time revealed “atrophy 
the remaining portion of the left femur and bony fragments below and mesial 


ne stump; the lower one is probably a sequestrum, while the mesial ones are 
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probably due to new bone production.” During his stay in the hospital the patient 
had mild normocytic anemia and leukocytosis, with a leukocyte count of 12.400 per 
cubic millimeter of blood. The Wassermann reaction was negative. The value for 














Fig. 1 (case 1).—Metastasis to the lung. 


blood sugar was 149 mg. per hundred cubic centimeters. Examination of the urine 
gave negative results. The patient became progressively weaker, and the mass 
fungated rapidly. Six weeks after the first appearance of the nodule the patient 
died. 
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Autopsy.—The body was somewhat emaciated. There was a well healed ampu- 
tation stump at the upper third of the left thigh. No enlargement of the lymph 
nodes was present. On the anterior aspect of the stump of the left lower extremity 

















Fig. 2 (case 1).—Primary growth. 


was a deep necrotic ulcer measuring about 4 by 3 by 2 inches (10 by 7 by 5 cm.), 
with thickened, everted edges. The edges were about %4 to % inch (0.6 to 1.2 cm.) 
in diameter and protruded about the same distance above the level of the skin. 
They were made up of firm white tissue. The outer portion was covered by the 
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skin, and the inner portion made up the sides of the ulcer. The sides and base 
of this ulcer were composed of soft, black-red tissue which extended down to the 
femur. In some places the base was infiltrated with the same firm, white tissue 
seen in the edges. A sinus tract to the bone was not found. The heart showed 
some hypertrophy of the left ventricle, a healed infarct of the posterior wall of the 
left ventricle, including part of the interventricular septum, and marked sclerosis 
and narrowing of the coronary arteries. There were fibrosis, anthracosis and calci- 
fication at the apexes of both lungs, with some bronchiectasis in the upper lobe of 
the left lung. At the base of the right lung was a small, firm white nodule. 
There were arteriosclerosis and arteriolosclerosis of the kidneys, which were 
smaller than normal and had a finely and coarsely granular surface. The prostate 
was enlarged in its median lobe. The rest of the autopsy revealed no abnormalities. 

Microscopic Appearance: The lower lobe of the right lung showed a large 
nodule of tumor compressing the surrounding lung tissue. The tumor was made 
up of darkly staining anaplastic polygonal cells. These cells were growing in 
whorls, masses and strands. There were many pearls (fig. 1). The skin at the 
stump showed a small area in which there was an irregular downgrowth of hyper- 
plastic interpapillary pegs. The basement membrane was intact, and mitotic figures 
were scarce. At one edge this epithelium ended abruptly, and the remainder of 
the section was replaced by-cords, anastomosing strands and a concentric arrange- 
ment of anaplastic cells which took a deep basic stain. Mitotic figures were 
abundant. Pearl formation was most common near the surface of the ulcerated 
area (fig. 2). The tumor from the base of the ulcer was as previously described. 
Microscopic examination of the other organs revealed no other significant abnor- 
malities pertinent to the subject. 


Case 2——A 62 year old white woman was admitted to the surgical service of 
the Montefiore Hospital, complaining of pain and swelling in the left knee of two 
months’ duration. At the age of 11 years she had fallen and injured her left knee. 
After this there was slight limitation in motion, which persisted. At the age 
of 39 the patient noticed pain in the left knee and was admitted to a hospital, where 
a diagnosis of tuberculosis with ankylosis of the left knee joint was made. Subse- 
quently, excision and fusion of this joint were performed. The patient improved 
and the pain disappeared, but a persistent draining sinus remained at the operative 
site. In January 1933, when the patient was 62 years of age, the pain recurred 
in the left knee and a reddened, cystic mass appeared at the site of the old sinus 
tract. The patient was readmitted to the same hospital, where a portion of the 
outer condyle of the femur was removed and microscopic examination disclosed 
squamous cell carcinoma arising at the margin of an old osteomyelitic sinus. 
No evidence of tuberculosis was found. After operation the sinus continued to 
drain. In August 1933 the patient fell on her left side and was unable to rise 
Pain and swelling from the knee to the hip appeared soon afterward, and two 
months later the patient was admitted to the Montefiore Hospital. Physical 
examination revealed a swelling of the left thigh from the knee to the hip and a 
sinus of the left knee with red granulating edges and a purulent exudate. The 
lower half of the thigh had a brawny consistency and was painful to touch 
A biopsy specimen was taken at the site of the sinus, and microscopic examination 
revealed chronic granulation tissue and atypical epithelial proliferation with early 
malignant changes. A roentgenogram of the left knee showed an extensive des- 
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tructive process of the lower end of the shaft of the femur, with invasion of the 
soit parts anteriorly and destruction of the tuberosity of the tibia and of the upper 
end of the shaft of the fibula. There was complete disorganization of the left 
knee joint. The picture was that of a neoplasm of bone. A roentgenogram of the 
pelvis demonstrated areas of osseous absorption in the body of the left pubic 
bone and in the descending ramus of the right pubic bone. Areas of osseous 
sclerosis were present in the right ischium. The roentgen impression was “meta- 
static neoplasm of the bones of the pelvis” (fig. 3). In view of this, operation 
seemed contraindicated. The patient gradually became weaker. She died eight 


months after admission. 














Fig. 3 (case 2).—Metastasis to the pelvis. 


Autopsy —The body was fairly well developed and showed evidence of slight 
loss of weight. There was marked pallor of the skin and the visible mucous mem- 
branes. The left leg was 20 cm. shorter than the right, and in the region of the 
leit knee joint there were two defects in the skin, each approximately 10 cm. in 


diameter, These lesions were surrounded by a small zone of scar tissue, next to 
which was a smaller zone of hemorrhage into the skin, covered by a blood crust. 
A purulent, fetid discharge was present. The lungs, heart and kidneys were 
essentially normal. The liver was somewhat fatty. The remainder of the autopsy 
revealed no significant abnormalities pertinent to our subject. 

Microscopic Appearance: The skin in the region of the sinus of the left knee 


showed hyperplasia of the epithelium with irregular downgrowth of the interpapil- 
lary pes 


gs. The cells were polygonal, with large nuclei and fairly large nucleoli. 
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Mitoses were rare. At one edge pearl formation and groups of anaplastic cells 
were seen. In the dermis and subcutaneous tissue there was round cell infiltra- 
tion (fig. 4). The rest of the microscopic examination showed an essentially normal 
picture. A section of the pelvic bone was not obtained. 

















Fig. 4 (case 2).—Primary tumor. 


COMMENT 


Our first case, in which metastatic lesions occurred in the lung, is, 
as far as we know, the second one of its kind reported. Hellner™ 
reported the first example. In our case it is interesting to note that 
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in spite of amputation a local recurrence developed in the stump. In 
our second case there was roentgen evidence of metastasis to the pelvic 
bones. Metastasis to bone is comparatively rare, the only previous 
reports being those of Volkmann ® and Krey.** 

The origin of this type of carcinoma has been discussed by many 
authors since it was first described. The early authors emphasized the 
chronic irritation of the skin about the sinus outlet by continuous drain- 
age of pus and, on the basis of Cohnheim’s theory, considered this irrita- 
tion the cause of the malignant change. This was thought to account for 
the superficial type of carcinoma. The deep type of carcinoma, i.e., 
that in the depth of the sinus tract, was not so readily explained. Most 
of these early authors considered the latter a downgrowth of a malignant 
tumor originating in the skin at the sinus opening. Rokitansky,*’ in fact, 
in 1847 stated that this had occurred in Dittrich’s case. Devars,’* how- 
ever, spoke of a superficial carcinoma appearing as an ulceration or a 
cauliflower mass in the skin about the sinus tract and of a deep carcinoma 
arising in the depth of the sinus and manifesting its presence by a foul 
discharge. 

In recent years the work of Brunschwig ** and Milgram * has clari- 
fied the conception of the origin of the deep type of carcinoma. Milgram 
called attention to the fact that chronic osteomyelitic sinuses and cavities 
tend to become lined by squamous epithelium growing down from the 
surface of the skin. In the case he reported malignant degeneration 
was not evident. Brunschwig ** reported 3 cases of chronic osteomyelitis 
with a long-standing draining sinus lined with epithelium in which pearl 
formation was seen. In his cases malignant degeneration was not 
observed, but he emphasized that the chronic inflammatory process in 
such a sinus cavity affords a stimulus for neoplastic changes in epithelial 
cells. This was not a new idea, for in 1894 Wassermann and Hallé,* 
reporting 12 cases of infection of the urethra with and without stricture 
and with fistulous tract formation, had mentioned complete epithelializa- 
tion of the fistulous tract from the urethral mucosa. In some of the 
tracts the proliferation of the epithelial lining was so great as to make 
one think of epithelial new growths. Kaufman *! mentioned that a fistula 
from bone that has become epithelized may undergo malignant change. 


37. Rokitansky, cited by Dittrich.? 
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. Brunschwig, A.: Epithelialization of Bone Cavities and Calcification of 
Fibrous Marrow in Chronic Pyogenic Osteomyelitis, Surg., Gynec. & Obst. 
52:759, 1931. 

39. Milgram, J.: Epithelialization of Cancellous Bone in Osteomyelitis, J. Bone 
& Joint Surg. 13:319, 1931. 

40. Wassermann, N., and Hallé, N.: Uréthrite chronique et rétrécissements, 
Ann. d. mal. d. org. génito-urin. 12:241 and 321, 1894. 

41. Kaufman, E.: Lehrbuch der speziellen pathologischen Anatomie, Berlin, 
Walter de Gruyter, 1922, vol. 2, p. 1711. 





268 ARCHIVES OF SURGERY 


Concerning the rarity of metastases two possible explanations may 
be offered: 1. The low grade malignancy of the new growth, which has 
been emphasized by a number of authors on the basis of biopsies. 2. 
The possibility that many of the tumors which have been reported as 
malignant may have been pseudoepitheliomatous hyperplasia, a term 
applied by White and Weidman * to a benign overgrowth of epithelium, 
These authors, describing the histologic changes in 8 cases of chronic 
cutaneous ulcer, divided their lesions into 3 groups, all clinically benign 
yet histologically resembling squamous cell carcinoma (especially groups 
2 and 3). They stated that “it may be impossible to distinguish 
squamous cell carcinoma histologically from these non-malignant hyper- 
plasias” and emphasized the fact “that numerous cases diagnosed in the 
past as beginning carcinoma at the margins of ulcers, have been only 
exaggerated regenerative hyperplasia.” It is quite possible, therefore, 
that some of the cases in which cure of the malignant tumor was 
attributed to amputation may have been instances of pseudoepithe- 
liomatous hyperplasia rather than of actual malignant tumor. 


SUMMARY 


Two cases of squamous cell carcinoma arising in a chronic osteo- 
myelitic sinus with metastases are reported. Necropsy was performed 
in both instances. In the first, metastases were found in the lung. In 
the second, diagnosis of metastases in the pelvic bones was based on 
roentgen evidence, since a specimen of the bones was not obtained at 
necropsy. 

The rarity of metastases from squamous cell overgrowth, as revealed 
in a review of the literature, may be explained by the low grade of 
malignancy and by the possibility that some of the reported cases may 
have been instances of pseudoepitheliomatous hyperplasia rather than 
of true malignant tumor. 


42. White, C., and Weidman, F. D.: Pseudo-Epitheliomatous Hyperplasia at 
the Margins of Cutaneous Ulcers, J. A. M. A. 88:1959 (June 18) 1927. 
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PANCREATIC FISTULA 


CLINICAL AND EXPERIMENTAL OBSERVATIONS 


J. M. McCAUGHAN, M.D., Pxs.D. 
AND 


H. K. PURCELL, M.D. 


ST. LOUIS 


Although Wirsung? as early as 1645 had discovered the pancreatic 
duct and described the fluid which flows through it and DeGraaf?* in 
1664 had collected some of this fluid, using a wild duck’s quill for a 
cannula, present knowledge of the physiology of the external junction 
of the pancreas came largely as a result of the work of four investi- 
ators in the late part of the nineteenth and the early part of the 
twentieth century, namely, Bernard,* Pavlov * and Bayliss and Starling.° 
Bernard in 1856 showed that pancreatic juice is essential to digestion. 
Pavlov in 1902 demonstrated the existence of pancreatic enzymes, and 
in the same year Bayliss and Starling investigated the factors concerned 
in the secretory stimulus of the pancreas and assigned the important 
role to a humoral factor, which they named secretin. 

McClure ® has enumerated as follows the important physiologic 
facts, which are now firmly established: 1. Stimulation of the external 
secretion of the pancreas is of humoral origin, although the exact 
mechanism remains undetermined. 2. The ingestion of food is followed 


by secretion of pancreatic juice. 3. The external secretion of the pan- 


creas plays an essential role in digestion. 

From the Department of Surgery, St. Louis University School of Medicine. 

Read at the Fiftieth Annual Meeting of the Western Surgical Association, 
Topeka, Kan., Dec. 5, 1940. 

1. Wirsung, cited by Garrison, F. H.: History of Medicine, ed. 3, Philadel- 
phia, W. B. Saunders Company, 1921. 

2. DeGraaf, R., cited by Garrison, F. H.: History of Medicine, ed. 3, Phila- 
delphia, W. B. Saunders Company, 1921, p. 263. 

3. Bernard, C.: Mémoire sur le pancréas et sur le réle du suc pancréatique 
dans les phénomenes digestifs, particuliérement dans la digestion des matiéres 
grasses neutres, Paris, J. B. Bailliére, 1856. 

4. Pavlov, I. P.: The Work of the Digestive Glands, translated by W. H. 
Thompson, ed. 2, London, Charles Griffin & Co., 1910, p. 266. 

: 5. Bayliss, W. M., and Starling, E. H.: The Mechanism of Pancreatic Secre- 
tion, J. Physiol. 28:325-353, 1902. 


6 


McClure, C. W.: Observations on the Physiology and Pathologic Physi- 
logy of External Pancreatic Functions, Rev. Gastroenterol. 3:1-26, 1936. 
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METHODS OF OBTAINING PANCREATIC JUICE 


A great variety of ingenious methods have been devised for collect- 
ing pancreatic juice from an experimental animal. Objections of one 
kind or another, such as duct strictures, infections, interference with 
nerve and blood supply, pancreatic atrophy and autodigestion of thie 
adjacent parietal walls can be made to most of these methods. The 
important thing is to distinguish between a partial and a total fistula. 
In earlier experiments, in which the fistulas were subtotal or in which 
the animal was allowed to lick its secretions, little harm resulted: how- 
ever if the fistula is truly total, death follows rapidly, as Elman and 
one of us (McCaughan)* demonstrated in 1927. 

Pancreatic juice for study may be obtained from the human being 
by two methods: (1) by intubation with a Rehfuss tube and (2) by 
fistula. By the former method one obtains a juice which is mixed with 
other intestinal secretions; the latter requires a patient whose pan- 
creas has been injured. Injury of the pancreas is rare, which is fortu- 
nate for human beings in general if not for clinical physiologists bent 
on studying the factors in external pancreatic secretion. 


TOTAL VOLUME OF PANCREATIC JUICE 


The total volume of pancreatic juice obtained in experiments with 
total fistula in dogs depends on several factors but has ranged in our 


experiments from a few cubic centimeters to as much as 625 cc. per 
diem. In human beings with pancreatic fistulas the maximum volume 
was reported by Snyder and Lium,* who obtained 1,186 cc. of pure 
pancreatic juice per twenty-four hour period direct from a catheter in 
the duct of Wirsung.® 


PHYSICAL AND CHEMICAL PROPERTIES OF PANCREATIC JUICE 


Pure pancreatic juice is a clear, slightly opalescent alkaline fluid, 
containing 98.45 to 98.86 per cent of water, 1.13 to 1.86 per cent of 
total solids, 0.075 to 0.098 Gm. of nitrogen, 0.099 to 0.174 Gm. of 
coagulable protein, 0.410 to 0.475 Gm. of globulin, 0.086 to 0.152 Gm. 
of albumin and 0.580 to 0.950 Gm. of ash. The specific gravity varies 
from 1.005 to 1.014, and the fy ranges from 8.2 to 8.5. Three ferments, 
lipase, amylase and inactive trypsin, are present. 


7. Elman, R., and McCaughan, J. M.: On the Collection of the Entire 
External Secretion of the Pancreas Under Sterile Conditions and the Fatal Effect 
of Total Loss of Pancreatic Juice, J. Exper. Med. 45:561-570, 1927. 

8. Snyder, W. H., and Lium, R.: Pancreatic Fistula, Surg., Gynec. & Obst. 
62:57-64, 1936. 

9. Recently (at the fiftieth annnal meeting of the Western Surgical Associa- 
tion) V. C. Hunt reported a considerably larger total per diem output in a case 
of his own; the data are as yet unpublished. 
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SECRETION OF PANCREATIC JUICE 


The popular description of the process, with some reservations 
hased on recent studies,® is as follows: The secreting mechanism 
depends largely on the stimulus from the acid chyme as it enters the 
first part of the duodenum. Immediately a certain amount of secretin 
is carried by the blood to the acinar cells of the pancreas and excites 
there the secretion of a strongly alkaline pancreatic juice. As soon as 
enough juice is present to neutralize the acid chyme, secretin formation 
and hence further pancreatic secretion stop. As long as the duodenal 
contents are acid the pylorus remains closed; therefore, as soon as 
these contents are neutralized the pylorus relaxes and allows more 
acid chyme to enter. Thus the formation of secretin proceeds afresh, 
and the whole chain goes on until the stomach is empty. 

Experimental and clinical observations were made on human pan- 
creatic secretion in the following cases. 


REPORT OF CASES 


Case 1—A girl 10 years of age was admitted to the St. Louis County Hospital 
after an injury to the abdomen sustained while coasting on a sled. She complained 
of constant pain in the right upper quadrant, with paroxysmal intensification at 
frequent intervals and radiation to the right flank and lumbar region. There were 
vomiting and a temperature of 100 F.; the pulse rate was 120 and the respiratory 
rate 26 per minute. The blood pressure was 94 systolic and 70 diastolic. Examina- 
tion of the abdomen revealed generalized tenderness, slight distention and board- 
like rigidity, particularly in the right upper quadrant. There was no dulness, 
either fixed or shifting, in the flank. Urinalysis revealed no abnormality. The 
leukocyte count was 25,000 per cubic millimeter; the value for hemoglobin, 72 per 
cent, and the erythrocyte count, 4,100,000 per cubic millimeter. The differential 
count was essentially normal. The value for blood sugar was 100 mg. per hundred 
cubic centimeters and that for blood diastase 680 units. The girl was given 
parenteral fluids, and surgical exploration was done seventy-two hours after the 
injury. At operation the abdomen contained a small amount of bloody fluid, and 
there were lacerations of the right lobe of the liver. The omentum was adherent 
and drawn together in the region of the pancreas. The lesser sac was drained. 

The child made an uneventful recovery except for profuse drainage from the 
wound of a clear watery fluid which was identified as pancreatic juice. The skin 
idjacent to the fistula became excoriated and was protected with a paste made 
irom aluminum powder, zinc oxide and olive oil; also, a solution of acidified beef 
broth was applied, and continuous suction was made by means of a catheter in the 
fistulous tract connected to a Wangensteen apparatus. A diet of 150 Gm. of fat 
and 100 Gm. of protein was given by tube, together with calcium gluconate and 
all the pancreatic juice which could be recovered. Later, 25 Gm. of carbohydrate 
was added and the diet was administered by mouth. The fistula gradually closed, 


and the | 


patient was discharged from the hospital six months after the date of injury. 


Cast 


2.—A single white woman 50 years of age was admitted to St. Mary’s 
Hospital on March 28, 1935, complaining of attacks of loss of consciousness with 
generalized convulsions since Jan. 1, 1934. There were attacks of both petit mal 
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and grand mal. Sugar tolerance tests gave low readings, and a presumptive diag- 
nosis of hyperinsulinism was made. Surgical exploration was done on May 2 
1935, and a portion of the pancreas was extirpated. The pathologist reported 
hypertrophy and hyperplasia of the islet tissue. The postoperative course was 
uneventful except for the development of a pancreatic fistula. The drainage was 
estimated at 300 to 400 cc. daily. The Wohlgemuth regimen, namely, a diet high 
in carbohydrate and alkaline foods with large doses of sodium bicarbonate and 
belladonna, was instituted. The drainage diminished considerably, and the patient 
returned to her home. She came back five days later, complaining of nausea, 
vomiting and severe pain in the left upper quadrant, the left flank and the hack. 
She had a temperature of 100.8 F. Fluid was aspirated and on microscopic exam- 
ination was found to contain large numbers of pus cells and organisms identified 
as Staphylococcus albus haemolyticus. An attempt was made to inhibit pancreatic 
drainage with high voltage roentgen ray treatments, but this was without appre- 
ciable effect. On July 28 20 cc. of iodochlorol (a radiopaque iodine and chlorine 
addition product of peanut oil) was injected into the fistula, and roentgenograms 
were taken. Two large cysts, one superimposed on the other, connected by a 
tortuous tract with the cutaneous opening, were discovered. The cysts were drained 
surgically, and the patient made a satisfactory recovery. At the time of her dis- 
charge from the hospital, on September 17, the drainage had ceased and the 
wound was entirely healed. 


Case 3.—A white man 23 years of age was admitted to the St. Louis County 
Hospital on Aug. 11, 1940, after an automobile collision during which he was 
struck on the abdomen by the cowling in front of the rumble seat, in which he 
was riding. On admission he was in shock and complained of agonizing generalized 
abdominal pain. Roentgen examination showed no free air beneath the diaphragm. 
After treatment had been given for shock, an exploratory laparotomy was per- 
formed. There was some free blood in the lesser peritoneal cavity, which appar- 
ently had come from a complete transverse severance of the pancreas in the 
midportion of its body. The hemorrhage was controlled by suturing, and the severed 
end of the distal portion was closed with mattress sutures; it was hoped thereby 
to occlude the duct of Wirsung, which could not be identified because of blood 
clot and contused parenchymal tissue. A drain was brought out through the 
gastrocolic ligament. 

The patient remained in a critical condition for several days and then began 
to improve. Repeated blood transfusions were given. Drainage of pancreatic 
juice appeared almost immediately after operation, and the value for blood diastase 
on the first day after the operation was 1,500 units. Unfortunately there developed 
a pneumonic consolidation of the left lower part of the chest, and, in addition, on 
August 21 the wound began to separate, requiring secondary closure. Shortly 
after this operation, 1,100 cc. of sterile, turbid, straw-colored fluid was aspirated 
from the left pleural cavity. The patient died on August 23. At postmortem 
examination a necrotic abscess was found in the middle third of the pancreas. 
The head and the tail of the pancreas were normal. There were multiple areas 
of fat necrosis adjacent to the omentum, mesenteries and perirenal fat. There 
were subcapsular hemorrhages in the liver and adrenals, and serofibrinous peri- 
tonitis was observed. Bronchopneumonia was present in the lower lobe of the left 
lung, and there was serosanguinofibrinous pleurisy. Cultures of the blood and ot 
material from the pleural space showed Staph. aureus haemolyticus and pneumo- 
cocci. 
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Case 4.—The patient, a white man 20 years of age, entered the Firmin Desloge 
Hospital Sept. 27, 1940, complaining of severe pain in the epigastrium and vomiting 
which had begun three hours earlier. The temperature was 98.6 F., the pulse 
rate 78 and the respiratory rate 20. Examination of the abdomen revealed exquisite 
tenderness in the epigastrium but no muscle spasm and no masses. On laboratory 
examination the leukocyte count was 32,000 per cubic millimeter, with 20 per cent 
stab forms, 64 per cent segmented forms and 16 per cent lymphocytes. Urinalysis 
showed albumin (graded 2 plus) and sugar (graded 4 plus); the specific gravity 
of the urine was 1.030. The principal laboratory finding was a value for blood 
diastase of 740 units. A diagnosis of acute pancreatitis was made, and on Sep- 
tember 29 an exploratory operation was done and the diagnosis confirmed. A 
cholecystostomy was done; drains were inserted to the foramen of Winslow and 
through the gastrocolic omentum down to the necrotic area in the pancreas. The 
patient’s course at first after operation was somewhat stormy, but later he improved 
eradually. Drainage of pancreatic juice was noted almost immediately, and at 
the end of three weeks a large piece of necrotic pancreas (1 by 3% inches [2.5 by 
9 cm.]) was discharged from the wound. The patient continued to improve and 
is at present permitting us to carry on a number of other physiologic studies. 
These data, however, are not complete and cannot be presented at this time. 


Case 5..°—A man aged 49 years was admitted to the Firmin Desloge Hos- 
pital on Jan. 15, 1936. He had been operated on elsewhere, and a pancreatic 
fistula had followed a Billroth II gastric resection. It had been draining for 
more than nine months at the time of admission, and during much of this time 
Wohlegemuth’s antidiabetic regimen had been carried out for the purpose of 
encouraging spontaneous closure of the fistula. On admission the fistula was 
seen to be situated about 4 cm. below the xyphoid, in the median line. It barely 
admitted the tip of a small probe and emitted a clear watery fluid in profusion. 
The surrounding skin was only slightly excoriated. The fluid was collected and 
identified as pancreatic juice. The general physical and laboratory examinations 
gave essentially negative results. Roentgen examination showed that the stomach 
had been resected at its distal third and a gastroenterostomy made 5 cm. proximal 
to the blind end. The barium sulfate passed freely through the stoma. On Feb- 
ruary 1 the fistula was implanted into the anterior wall of the stomach. The 
patient made a satisfactory recovery and was discharged from the hospital 
March 15. 

Experimental Procedure—Prior to the operation, physiologic studies were 
made and the response to various excitatory and inhibitory drugs and foodstuffs 
was recorded. A small glass funnel was first applied to the skin about the 
opening of the fistula and was held there with adhesive tape. The patient was 
placed in the prone position on two tables set end to end in such a manner that 
the secretion could drop between the tables and onto the recording and collectirg 
apparatus. At least two hours was permitted to elapse after a meal before the 
beginning of the experiment. Samples of the secretion were collected at regular 
intervals, usually every fifteen minutes. The total alkali in each specimen was 
titrated with tenth-normal hydrochloric acid, and the rate of flow was measured 
before and after each experiment. 


- 10. Previously reported (McCaughan, J. M., and Sinner, B. L.: Pancreatic 
Fistula: Medical and Surgical Management, Arch. Surg. 35:449-460 [Sept.] 1937. 
McCaughan, J. M.; Sinner, B. L., and Sullivan, C. J.: External Secretory 
Function of the Human Pancreas: Physiologic Observations, Arch. Int. Med. 
61:739-751 [May] 1938). 
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Results ——The amount of secretion was found to be least during fasting and 
greatest after meals. The average loss per diem was estimated at 600 cc. A 
rise in secretory rate followed the administration of secretin, a mixed meal, 
water, mecholyl chloride (acetylbetamethylcholine hydrochloride) and physostig- 
mine salicylate. A fall in the secretory rate occurred after administration of 
sodium bicarbonate, bile salts, magnesium sulfate, atropine sulfate, epinephrine 
hydrochloride and histamine. The value for total base was elevated after the 
administration of secretin, sodium bicarbonate and coffee and was depressed after 
the administration of mixed meal, beef broth, dextrose, bile salts, physostigmine, 
epinephrine and histamine. There was no significant change in total base after 
administration of hydrochloric acid, peptone and magnesium sulfate. 


Case 6.—A white man aged 52 years was admitted to the Firmin Desloge 
Hospital Sept. 14, 1939, complaining of pain in the region of the gallbladder. 
He also complained of severe itching and was deeply jaundiced. The stools 
were clay colored and the urine dark. He had lost 10 pounds (4.5 Kg.) in 
weight since the onset of the illness, seven months previously. On examination 
the edge of the liver could be felt 4 cm. below the right costal margin, and 
there was tenderness, most marked in the epigastrium. On laboratory exami- 
nation the erythrocytes numbered 4,209,000 and the leukocytes 8,450 per cubic 
millimeter of blood; the value for hemoglobin was 14.9 Gm. The differential 
count was normal. The bleeding time and the clotting time were two and one- 
half and four minutes respectively. The van den Bergh reaction was direct 
immediate positive and varied from 3.6 to 6.2 mg. per hundred cubic centimeters 
on different days. The icterus index was 75. The urine contained bilirubin but 
was otherwise normal. The prothrombin time was eighty seconds; the value for 
cholesterol was 342 mg. per hundred cubic centimeters, and that for blood dias- 
tase, 380 units. Gastrointestinal roentgen examination showed an irregularity oi 
the duodenal bulb, which was thought to be due to cicatricial changes secondary 
to an old peptic ulcer. 

A diagnosis of obstructive jaundice secondary either to a stone in the common 
bile duct or to a neoplasm of the head of the pancreas was made, and on Novem- 
ber 3 an exploratory laparotomy was performed. The gallbladder was mark- 
edly distended and the common duct enlarged. The head of the pancreas was 
very hard and was two to three times the normal size. A biopsy specimen was 
taken from the pancreas and a cholecystogastrostomy performed after the gall- 
bladder had been emptied of a large quantity of very viscid black bile. The 
patient made an uneventful convalescence except for the development of a pan- 
creatic fistula. On microscopic examination the specimen removed from the pan- 
creas was reported to be normal. 

Experimental Procedure——The response to various foods and to a number of 
excitatory and inhibitory drugs was determined. In these experiments the fluid 
was collected in graduated test tubes, the volume of secretion being measured 
and recorded at five minute intervals. The patient fasted for at least four hours 
before beginning any experiment. 

Results —The average output was estimated at 150 cc. per twenty-four hours. 
The fluid was odorless and opalescent and had a specific gravity of 1.010 and 
a pu of 84. Inactive trypsin, lipase and amylase were present. 

The effect of various diets and foodstuffs on the secretion of pancreatic juice 
is shown in chart 1. 
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1. Diets: A diet high in fat, one high in protein, one high in carbohydrate 
and one which was average, or “mixed,” were given. In each instance there was 
an immediate response characterized by a sharp increase in the flow of pancreatic 
juice, and in each this increased flow was maintained for three or more hours. 
The high fat diet resulted in the most prolonged effeet as well as in the maximum 
output. The carbohydrate and high protein diets caused their maximum rise 
sooner, but the flow returned to normal earlier. The mixed diet, consisting of 
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Chart 2.—The effect of various drugs on the secretion of pancreatic juice. 


18 Gm. of protein, 26 Gm. of fat and 36 Gm. of carbohydrate, caused its maximum 
peak of secretory output sooner than any of the others, but the peak was lower 
and the total output was not as large. 

2. Administration of Water: When 200 cc. of water was given by mouth 
there was an immediate increase in flow, which reached a maximum in fifteen 
minutes; the flow returned to normal ten minutes later. 

3. Beef Broth: When 50 cc. of beef broth was given through a duodenal 
tube only a slight increase in flow resulted, considerably less in volume and 
duration than that produced by water. 
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4. Peptone: When 50 cc. of 10 per cent peptone solution was similarly given 
hy tube, the response was an immediate rise, which attained its maximum in one 
ee The height of the curve was somewhat greater than that in the experiment 
with water, and the effect was more prolonged. 

5. Olive Oil: Fifty cubic centimeters of olive oil was given by intubation. The 
effect on flow of pancreatic juice was rather slight both as to the volume secreted 
and as to the duration of action. This result is contrary to that noted in case 5, 
in which olive oil caused a substantial increase in secretion. 

6. Dextrose: Fifty cubic centimeters of a 50 per cent dextrose solution was given 
by the duodenal tube. The effect on the flow of pancreatic juice was negligible. 

The effect of various drugs on pancreatic juice is shown in chart 2. 


Effect of Various Drugs and Foodstuffs in Two Cases 








Secretory Response Secretory Response 
Drugs or Food Administered in Case 5 in Case 6 


High protein diet + 
High fat diet............- P 
High carbohydrate diet. 
Mixed diet 

Olive oil 

Beef broth. 
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Coffee. 
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1. Atropine: Atropine sulfate (1499 grain [0.6 mg.]) given intramuscularly 
caused a definite lowering in the amount of secretion. This result is similar to 
that obtained in case 5. When a mixture of milk and cream (200 cc.) was given 
by mouth and Yoo grain of atropine sulfate was injected simultaneously, the 
inhibitory effect was less pronounced and the output of pancreatic juice increased 
gradually, but the response to the food was not nearly as marked as in any of 
the preceding feeding experiments. 


2. Pilocarpine: The intramuscular injection of % grain (8 mg.) of pilocar- 
pine hydrochloride caused a definite and immediate increase in output. 


3. Epinephrine: When 1 cc. of epinephrine hydrochloride was injected into 
the muscle the flow of pancreatic juice was promptly inhibited and remained 
depressed for almost an hour. 

4. Ephedrine: One cubic centimeter of 5 per cent ephedrine hydrochloride 
solution was administered intramuscularly. There was a slight fall in the output 
ot pancreatic juice, but the inhibitory effect was far less than was noted after 
administration of epinephrine. 
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5. Strychnine: The intramuscular injection of 4% grain (2 mg.) of strychnine 
sulfate had no appreciable effect after twenty minutes of observation. 

6. Histamine: Histamine phosphate was injected intramuscularly in a dose 
of 0.0005 Gm. There was a gradual rise to a maximum, which was attained 
forty minutes after the injection; then a gradual fall took place, which was not 
reached until one hour and forty-five minutes after the injection. 

7. Physostigmine: Intramuscular injection 4% grain (1.2 mg.) of physostig- 
mine salicylate caused a fall in the amount of secretion accompanied with marked 
sweating twenty minutes after the administration of the drug. 

8. Secretin: Secretin prepared by us after the method of Weaver, Luck- 
hardt and Koch was given intramuscularly in 3 cc. doses. The response was an 
immediate increase in output, but the degree of rise was not striking. This, 
however, is probably attributable to the small dose administered. 

9. Magnesium Sulfate: Thirty cubic centimeters of a saturated solution of 
magnesium sulfate was given through a duodenal tube. There was no significant 
change in the rate of flow. 

10. Sodium Bicarbonate: Fifty cubic centimeters of a 10 per cent solution of 
sodium bicarbonate had no appreciable effect on the output of pancreatic juice. 

11. Mecholyl: One-tenth per cent mecholyl chloride was given by iontophor- 
esis with 25 to 40 milliamperes of current. An inhibition in secretion was obtained. 
This effect was quite the opposite to that obtained in case 5, in which the same 
dose and the same method of administration caused a striking increase in the 
output of juice. 


Studies on concentration of the pancreatic enzyme were not made. 
The accompanying table shows the comparative results in cases 
5 and 6. 
ETIOLOGY, DIAGNOSIS AND TREATMENT 


Perhaps the earliest case of pancreatic fistula recorded was that of 
Rommelaere * in 1877. Numerous case reports have appeared in the 
literature since that time. Fistula of the pancreas arises in various 
ways. It frequently follows drainage operations on the pancreas for 
acute inflammatory conditions, but, according to Korte,’* it is fairly 
rare as a result of a stab or a gunshot wound of the abdomen. The 
protected anatomic location of the pancreas is the greatest safeguard 
against a traumatic insult of this sort,’* but von Garré’s ‘* famous case 


11. Rommelaere: Rapport la commission chargée de l’examen de la communi- 
cation de M. le docteur Lecompte, intitulée: Observation d’une fistule pancréatique 
chez l'homme, Bull. Acad. roy. de méd. de Belgique 9:1023-1042, 1877. 

12. Kérte, W.: Verletzungen und chirurgische Krankheiten der Leber, der 
Gallenblase, des Pancreas und der Milz, in Diagnostische und therapeutische 
Irrtiimer und deren Verhiitung in der Chirurgie, Leipzig, Georg Thieme, 1923, 
no. 3. 

13. Karewaki, F.: Ueber isolierte subkutane Verletzungen des Pankreas und 
deren Behandlung, Berl. klin. Wehnschr. 44:187-191, 1907. 

14. von Garré, C.: Totaler Querriss des Pankreas durch Naht geheilt, Beitr. 
z. klin. Chir. 46:233-340, 1905. 
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of complete transverse division of the body of the pancreas with recov- 
ery following accurate suture of the duct and parenchyma is classic. 
Injury to the pancreas may follow operation on the biliary tract for 
retroperitoneal tumor or operation on the adrenals, kidneys, spleen, 
stomach!® or duodenum.’® In recent years several cases of pancreatic 
fistula have been reported in which the condition followed partial resec- 
tion of the pancreas or the excision of islet cell tumors for the relief 
of hyperinsulinism.*’ 

A fistula may also follow an operation for calculi of the pancreatic 
duct, but probably the commonest source is a cyst of the pancreas. It 
is seldom possible to extirpate such a cyst, because of the difficulty of 
securing a satisfactory line of cleavage for dissection between the walls 
of the cyst and the adjacent organs, namely, the stomach, colon, great 
vessels and omentum. Marsupialization or drainage by tube is most 
often resorted to, and discharge of pancreatic juice for a variable period 
usually follows. Judd, Mattson and Mahorner,** in a report of 33 
cases of pancreatic cyst treated by marsupialization, stated that the 
discharge continued for periods varying from a few weeks to two 
years. None of their patients required further treatment. 

The recognition of uncomplicated pancreatic fistula is not difficult. 
Examination of the fluid for its reaction and enzyme content estab- 
lishes the diagnosis. A duodenal fistual may be differentiated by the 
additional presence of bile and by the erosion of the wound margins.’® 
Greater difficulty may be experienced in recognizing a pancreatic fis- 
tula when it is associated with a biliary fistula, as was pointed out by 
Popper.?° 

The first complication of treatment of complete external pancreatic 
fistula is the necessity of restoring pancreatic juice to the body in suf- 
ficient quantity and before serious physiologic disturbances have taken 
place. Hartmann and Elman* and one of us (McCaughan **) have 


15. Mayo, W. J.: The Surgery of the Pancreas, Ann. Surg. 58:145-150, 1913. 

16. Young, H. H., and Davis, D. M.: Young’s Practice of Urology, Phila- 
delphia, W. B. Saunders Company, 1926, vol. 2, p. 738. 

17. Whipple, A. O., and Frantz, V. K.: Adenoma of Islet Cells with Hyper- 
insulinism, Ann. Surg. 1041:1299-1335, 1935. 

18. Judd, E. S.; Mattson, H., and Mahorner, H. R.: Pancreatic Cysts: 
Report of Forty-Seven Cases, Arch. Surg. 22:838-849 (May) 1931. 

19. Garis, R. W., and Merkel, W. C.: The Symptom-Complex of Complete 
External Pancreatic Fistula, Surg., Gynec. & Obst. 39:590-597, 1934. 

2). Popper, H. L.: Pankreasfermente in der Galle, Zentralbl. f. Chir. 56: 
15-2517, 1929, 

21. Hartmann, A. F., and Elman, R.: Loss of Gastric and Pancreatic Secre- 

J. Exper. Med. 50:387-405, 1929. 

22. McCaughan, J. M.: Experimental Studies on the External Secretion of 
he Pancreas with Special Reference to Its Complete Loss by Permanent Pan- 
reatic Fistula, Am. J. Physiol. 97:459-466, 1931. 
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demonstrated some of the factors concerned in the mechanism of death 
from total pancreatic fistula in experimental animals, and one of ys 
(McCaughan) has noted the beneficial action of daily administration 
of sodium chloride intravenously and the restoration of the pancreatic 
juice by gastric intubation in prolonging the life of an animal with total 
pancreatic fistula. 

The treatment of pancreatic fistula is secondarily concerned with the 
attempts at closure of the fistulous tract. Conservative means should 
always be adopted in the beginning. The clinical investigations of 
Wohlgemuth ** have laid the basis for this line of treatment, which 
consists in the administration of a low carbohydrate diet rich in alkaline 
foods, large doses of sodium bicarbonate and belladonna. Wohlgemuth 
based his therapeutic regimen on the investigations of Pavlov,* who 
had noted that entrance of the acid gastric juice into the duodenum 
invariably provokes an increased flow of pancreatic juice. Wohlgemuth’s 
measures were therefore designed to inhibit the rate of pancreatic secre- 
tion as much as possible. Heineke,** Hohmeier ** and Schmidt * 
obtained satisfactory results with Wohlgemuth’s regimen in cases of 
their own. Heineke in addition advocated aspiration of the fistula by 
means of a catheter and a suction pump. Kroiss ** recommended the 
administration of a water-free preparation of erepton, given in 50 Gm. 
doses by mouth or by rectum. Ortlich** stated that he injected 
astringents and corrosives, such as tincture of iodine, silver nitrate and 
zinc chloride. Potter *® applied tenth-normal hydrochloric acid to the 
fistulous tract by means of a dropper and in the intervals kept pledgets 


23. Wohlgemuth, J.: Untersuchungen iiber das Pankreas, des Menschen. Ein- 
fluss der Zusammensetzung der Nahrung auf die Saftmenge und die Ferment- 
concentration, Berl. klin. Wchnschr. 44:47, 1907; Zur Therapie der Pankreasfistel, 
nebst Bemerkungen iiber den Mechanismus der Pankreassekretion wahrend der 
Verdauung, ibid. 45:389-393, 1908; Beitrag zur funktionellen Diagnostik des 
Pankreas, ibid. 47:92-95, 1910. 

24. Heineke, H.: Zur Behundlung der Pankreasfisteln, Zentralbl. f. Chirurg. 
34:256-296, 1907. 

25. Hohmeier, F.: Isolierte subkutane Querzerreissung des Pankreas durch 
Operation geheilt, Miinchen. med. Wchnschr. 54:2036-2037, 1907. 

26. Schmidt, W.: Ein Fall von Totalexstirpation einer Pankreaszyste, Miinchen. 
med. Wchnschr. 54:2480-2482, 1907. 

27. Kroiss, F.: Ein Beitrag zur Behandlung der subkutinen Duodenum und 
Pankreaszerreisung, Beitr. z. klin. Chir. 76:477-495, 1911. Erepton is a prepa- 
ration obtained by the action of intestinal and pancreatic ferments on fat-free 
meat. 

28. Ortlich, cited by Kleinschmidt.*® 

29. Potter, C.: Treatment of Duodenal, High Intestinal and Pancreatic Fis- 
tulas, J. Missouri M. A. 29:374, 1932. 
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of gauze soaked in a solution of peptone in the cutaneous opening of the 
fistula. In addition to the secretory inhibitants noted, our own investiga- 
tions (see table) indicated the value of adding epinephrine and ephedrine 
to the therapeutic armamentarium. 

The use of high voltage roentgen therapy was reported as success- 
ful by Culler ®° in the cases of 2 soldiers with pancreatic fistula. In 
each patient the fistula was said to have closed completely after five 
treatments. Orndoff, Tarrell and Ivy,** on the other hand, studied 
the effects of roentgen rays on the pancreases of laboratory animals and 
concluded that, while the pancreas could be temporarily injured, its 
power of regeneration later overcompensated and the total output of 
ferments might even become greater than normal. Our own experience 
in giving high voltage roentgen therapy to a patient with a pancreatic 
fistula is in accord with the conclusions of Orndoff, Tarrell and Ivy. 
We exposed the left upper quadrant of the abdomen to a current of 
200 kilowatts and 5 milliamperes for fifteen minutes at a time, giving 
a total exposure of seventy-five minutes. There was no noticeable 
improvement, and surgical incision and drainage later became imper- 
ative. 

If these conservative methods fail after trial for a reasonable period, 
radical measures should be considered. Excision or extirpation of the 
entire fistulous tract, for obvious reasons, is rarely possible. In 1905, 
Doyen ** reported the first instances of successful implantation of the 
pancreatic duct into the greater curvature of the stomach after resection 
of the papilla of Vater for carcinoma. Kausch ** in 1909 reported the 
successful implantation of the stump of the pancreas into the duodenum, 
also after a resection of a carcinoma of the papilla of Vater. The experi- 
mental work of Coffey,** Desjardins ** and Faykiss ** on pancreatico- 
enterostomy was an important forward step in this difficult field of 
surgical technic. Following the work of Doyen and Kausch on the 
transplantation of the pancreatic duct after resection of the papilla of 


30. Culler, R. M.: Cure of Pancreatic Fistula by the Roentgen Ray, J. A. 
M. A. 75:20 (July 3) 1920. 

31. Orndoff, B. H.; Tarrell, J. J., and Ivy, A. C.: Studies on the Effect of 
Roentgen Rays on Glandular Activity: V. The Effect of Roentgen Rays on 
External Pancreatic Section, Am. J. Roentgenol. 16:349-354, 1926. 

32. Doyen, cited by Kleinschmidt.*° 

33. Kausch, W.: Die Resektion des mittleren Duodenum, Zentralbl. f. Chir. 
36: 1350-1376, 1909. 

34. Coffey, B. C.: Pancreato-Enterostomy and Pancreatectomy, Ann. Surg. 

:1238-1264, 1909. 

35. Desjardins, cited by Kleinschmidt.*° 

36. Faykiss, F.: Ueber experimentelle Pankreasresektion und Pankreatoen- 
rostomie, Beitr. z. klin. Chir. 84:188-200, 1913. 
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Vater for carcinoma, others began to utilize the principle of this method 
in dealing with intractable fistulas of the pancreas, particularly Jed- 
licka ** (1921), Lorenz** (1921), Hammesfahr*® (1923), Klein- 
schmidt *° (1925), Corachan ** (1924), Cathala and Sénéque ** (1930) 
and Janes ** (1934). 

The technic of fistula transplantation consists in making a careful 
dissection of the fibrous fistulous tract until a sufficient length has been 
mobilized. This should then be implanted without tension or angula- 
tion into the nearest portion of the upper part of the gastro-intestinal 
tract, preferably the stomach. A tag of fat from the round ligament, 
the gastrocolic or the gastrohepatic omentum or even a free graft of 
fat is stitched about the site of implantation to protect the line of suture 
against leakage. A small drainage tube is placed near the site of 
operation, to be removed in twenty-four hours, and the abdominal 
wound is closed in the usual manner. 


SUMMARY 


The experimental background of animal work on pancreatic fistula 
is briefly mentioned. A more detailed account of clinical and experi- 
mental observations on 6 patients with pancreatic fistulas is given. Two 
of the fistulas resulted from external trauma; 1 followed acute pan- 


creatic necrosis, and 3 developed after abdominal operations, 1 of the 
3 last mentioned being also associated with a pancreatic cyst. 
Physiologic investigations on the external secretory function were 
carried out in 2 of the cases, and the effect on the secretory rate was 
recorded after the administration of a variety of drugs and foodstuffs. 
From a practical clinical standpoint the management of an uncom- 
plicated pancreatic fistula, particularly if the drainage of pancreatic 


37. Jedlicka, R.: Zur Operation der Pancreaskysten, Zentralorg. f. d. ges. 
Chir. u. Grenzgeb. 16:153, 1922. 

38. Lorenz: Kasuistische Beitrage zur Pankreas und zur Gallenchirurgie, 
Wien. klin. Wchnschr. 28:339-340, 1921. 

39. Hammesfahr, C.: Zur Behandlung von Pankreasfisteln, Zentralbl. f. Chir. 
$0: 1758-1759, 1923. 

40. Kleinschmidt, O.: Behandlung der Fisteln des Pankreas und des Ductus 
pankreaticus, Arch. f. klin. Chir. 135:363-372, 1925. 

41. Corachan, M.: Sur le traitement des fistules pancréatiques, Presse med. 
36: 1394-1397, 1928. 

42. Cathala, J., and Sénéque, J.: Fistule pancréatique réinjection du suc 
pancréatique, amélioration, pancréatico-gastrostomie, Guérison, Presse meéd. 38: 
1534-1537, 1930. 

43. Janes, R. M.: Pancreatic Fistula: Report of a Case; Cure by Pancreato- 
gastrotomy, Brit. J. Surg. 22:296-300, 1934. 
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‘nice is great, resolves itself into (1) preventing or replacing the _ 
of electrolytes, fluid and protein and (2) carrying out measures a 
toward encouraging spontaneous closure. According to our stuc oe 
a “mixed diet” provokes less drainage than does ei es 
high in one or other of the three foodstuffs. Fats particularly pone 
ee effective secretory stimulus. Certain drugs were found to in ubit 
satiidion: these were principally atropine, sodium bicarbonate, a 
and epinephrine. High voltage roentgen therapy was without va ue. 
In the great majority of cases a pancreatic fistula will close in time, 


but infection must be avoided and the surrounding skin given special 
ee . . : 
protective care. If spontaneous closure fails after a sufficient time the 
TU c . . 


fistula may be reimplanted into the upper part of the gastrointestinal 
tract with little risk and a reasonable likelihood of success. 








THE SYMPATHETIC NERVOUS SYSTEM IN 
NEUROGENIC AND RENAL 
HYPERTENSION 


EXPERIMENTAL CORRELATION AND CLINICAL CONSIDERATION 


KEITH S. GRIMSON, M.D. 
CHICAGO 


The development in the last eight years of various surgical technics 
directed toward alleviation of essential, or idiopathic, hypertension has 
renewed interest in the role of the sympathetic nervous system and its 
splanchnic divisions in regulation of blood pressure and their possible 
etiologic role in clinical hypertension. These surgical technics have been 
chiefly directed toward sympathetic denervation of the splanchnic area. 
It is difficult to evaluate the therapeutic effect of these procedures and 
even more difficult to estimate whether the improvements reported are 
related to an elimination of etiologic factors or to a direct effect produced 
by denervation of large vascular beds. The experiments to be con- 
sidered in this study deal with an attempt to reexamine the role of the 
sympathetic nervous system and its splanchnic divisions in regulation of 
blood pressure. The possible role of the sympathetic system in the 
production of chronic neurogenic hypertension in man is also discussed. 

It is accepted that the major factor of both experimental and clinical 
hypertension is an increase in peripheral resistance and that in an 
advanced stage of hypertension this may be chiefly maintained in some 
instances by pathologic changes in the blood vessels, including the 
arterioles. A review of renal and neurogenic factors which may initiate 
an increase of peripheral resistance is undertaken. 


RENAL HYPERTENSION 


It has been established that the kidney under certain experimental 
and clinical conditions of altered blood flow may by a humoral mecha- 
nism produce hypertension. Goldblatt and his associates * were mainly 
responsible for the experimental demonstration that the kidney may 
initiate hypertension. The development of an understanding of the 


Aided by a grant from the American Medical Association. 

From the Department of Surgery, the University of Chicago. 

1. Goldblatt, H.; Lynch, J.; Hanzal, R. F., and Sommerville, W. W.: The 
Production of Persistent Hypertension in Dogs, Am. J. Path. 9:942, 1933. 
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mechanism of this hypertension has been extensively reviewed in recent 
literature (Katz and co-workers*; Page *; Pickering *; Goldblatt °; 
Blalock °; and others). The demonstration that the hypertension which 
follows partial obstruction of the renal artery persists after complete 
sympathectomy (Heymans, Bouckaert, Elaut, Bayless and Samaan‘; 
Freeman and Page*; Alpert, Alving and Grimson®; Verney and 
Vogt °) and after complete transplantation of the kidney (Dicker “; 
Glenn, Child and Heuer **; Blalock and Levy **) contributes, together 
with other accumulating indirect evidence, to the conclusion that this 
renal type of hypertension is effected through the blood stream and not 
through the nervous system. Evidence has been presented that extracts 
of kidneys with partial obstruction of the renal arteries contain increased 
amounts of renin (Harrison, Blalock and Mason '*; Prinzmetal and 


2. Katz, L. N.; Friedman, M.; Rodbard, S., and Weinstein, W.: Observations 
on the Genesis of Renal Hypertension, Am. Heart J. 17:334, 1939. 


3. Page, I. H.: Newer Aspects of Experimental Hypertension, in Blood, Heart 
and Circulation, Publication 13, American Association for the Advancement of 
Science, 1940, p. 239. 

4. Pickering, G. W.: The Problem of High Blood Pressure in Man, J. Mt. 
Sinai Hosp. 5:649, 1939. 

5. Goldblatt, H.: Studies on Experimental Hypertension, Am. J. Clin. Path. 
10:40, 1940, 

6. Blalock, A.: Experimental Hypertension, Physiol. Rev. 20:159, 1940. 

7. Heymans, C.; Bouckaert, J. J.; Elaut, W.; Bayless, F., and Samaan, A.: 
Hypertension artérielle chronique par ischémie rénale chez le chien totalement 
sympathectomise, Compt. rend. Soc. de biol. 126:434, 1937. 

8. Freeman, N. E., and Page, I. H.: Hypertension Produced by Constriction 
{ the Renal Artery in Sympathectomized Dogs, Am. Heart J. 14:405, 1937. 

9. Alpert, L. K.; Alving, A. S., and Grimson, K. S.: Effect of Total Sympa- 
thectomy on Experimental Renal Hypertension in Dogs, Proc. Soc. Exper. Biol. & 
Med. 37:1, 1937. 

10. Verney, E. B., and Vogt, M.: An Experimental Investigation into Hyper- 
tension of Renal Origin with Some Observations on Convulsive “Uraemia,” Quart. 
J. Exper. Physiol. 28:253, 1938 

ll. Dicker, E.: Résultats de l’anastomose de reins normaux au cou de chiens 
hypertendus par compression de leurs artéres rénales, Compt. rend. Soc. de biol. 
126:912, 1937. 

12. Glenn, F.; Child, C. G., and Heuer, G. J.: Production of Hypertension by 
Constricting the Artery of a Single Transplanted Kidney, Ann. Surg. 106:848, 


1937. 


13. Blalock, A., and Levy, S. E.: Studies on the Etiology of Renal Hyper- 
tension, Ann. Surg. 106:826, 1937. 
14. Harrison, T. R.; Blalock, A., and Mason, M. F.: Effects on Blood Pressure 
en Injection of Kidney Extracts of Dogs with Renal Hypertension, Proc. Soc. 
Exper. Biol. & Med. 35:38, 1936. 
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Friedman **). Kohlstaedt and Page ** have described the liberation of 
renin by excised kidneys artificially perfused when the arteries are 
clamped and the pulse pressure reduced. Prinzmetal, Lewis and Leo™ 
have reported increased amounts of renin in perfusates of kidneys 
obtained after approximately five hours of total ischemia. The demon- 
stration (Houssay and Fasciolo **) that a kidney or kidneys which after 
partial obstruction of the renal arteries have produced chronic hyper- 
tension in 1 dog can when transplanted into the circulation of a second 
dog elevate its blood pressure affords direct physiologic evidence that a 
hypertensive substance is liberated by the kidney. This important obser- 
vation has been confirmed by Dicker,’ Bouckaert, Heymans and me" 
and by Lewis, Leo and Prinzmetal.*° 

A possible renal source of this renal pressor substance has been 
suggested by the observation after partial obstruction of renal arteries 
in dogs and rabbits of cellular hypertrophy, vacuolation and even mitosis 
in the groups of large afibrillar cells normally present in the media of the 
arteries that make up the juxtaglomerular apparatus (Gcormaghtigh and 
Grimson **; and Goormaghtigh **). Cells of this type are also present 
elsewhere in the body. 

Page and Helmer ** have contributed, as a result of a long series of 
experiments, a new concept of the mechanism by which blood pressure is 


15. Prinzmetal, M., and Friedman, B.: Pressor Effects of Kidney Extracts from 
Patients and Dogs with Hypertension, Proc. Soc. Exper. Biol. & Med. 35:122, 
1936. 

16. Kohlstaedt, K. G., and Page, I. H.: The Liberation of Renin by Perfusion 
of Kidneys Following Reduction of Pulse Pressure, J. Exper. Med. 72:201, 1940. 

17. Prinzmetal, M.; Lewis, H. A., and Leo, S. D.: The Etiology of Hyper- 
tension Due to Complete Renal Ischemia, J. Exper. Med. 72:763, 1940. 

18. Houssay, B. A., and Fasciolo, J. C.: Demonstracién del mecanismo humoral 
de la hipertensién nefrogena, Bol. Acad. nac. de med. Buenos Aires, 1937, p. 342. 

19. Bouckaert, J. J.; Grimson, K. S., and Heymans, C.: Increase of Blood 
Pressure by Perfusion of the Ischaemic Kidneys of Hypertensive Dogs, J. Physiol 
96:45P, 1939. 

20. Lewis, H. A.; Leo, S. D., and Prinzmetal, M.: Am. Heart J., to be 
published. 

21. Goormaghtigh, N., and Grimson, K. S.: Vascular Changes in Renal Ischemia 
Cell Mitosis in the Media of Arteries, Proc. Soc. Exper. Biol. & Med. 42:227, 
1939. 

22. Goormaghtigh, N.: Histological Changes in the Ischemic Kidney, Am. 
J. Path. 16:409, 1940. 

23. Page, I. H., and Helmer, O. M.: A Crystalline Pressor Substance 
(Angiotonin) Resulting from the Reaction Between Renin and Renin-Activator, 
J. Exper. Med. 71:29, 1940; Angiotonin-Activator, Renin- and Angiotonin-Inhibitor, 
and the Mechanism of Angiotonin Tachyphyloxis in Normal, Hypertensive, and 
Nephrectomized Animals, ibid. 71:495, 1940. 
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elevated in “renal” hypertension. They have postulated the existence 
of a pressor substance, angiotonin, resulting from the reaction between 
renin and renin activator, and the existence of an angiotonin inhibitor. A 
parallel series of observations has been recently reported by Munoz, 
Braun-Menendez, and Fasciolo and Leloir,** who used the terms hyper- 
tension precursor, hypertensin and hypertensinase. 

Grollman, Williams, and Harrison ** and Page, Helmer, Kohlstaedt, 
Fouts, Kempf and Corcoran ** have reported reductions of blood pres- 
sure in patients and in animals with renal hypertension by the use of 
renal extracts. It is too early to evaluate these important obser- 
vations accurately or to predict the extent to which renal extracts may 
ultimately be employed in the clinical treatment of hypertension. 

The relation of the renal type of experimental hypertension to essen- 
tial, or idiopathic, hypertension in man has been greatly emphasized. 
It is possible by proper adjustment of the renal artery clamps to produce 
a form of chronic hypertension with little evidence of deficient renal 
function, which may be likened to essential hypertension. It is also 
possible by more severe obstruction to produce changes that resemble 
the clinical picture of malignant hypertension. In those instances of 
clinical hypertension in which there is evident pathologic alteration in 
the renal arteries or in the kidney that may have altered the renal hemo- 
dynamics, one can postulate the existence of a hypertensive mechanism 
similar to that of experimental renal hypertension. Reports of hyper- 
tension in patients with unilateral renal disease and of relief following 
unilateral nephrectomy apparently substantiate this hypothesis. In 
many more instances, especially of the earlier types of clinical hyperten- 
sion, it is more difficult to postulate a mechanism by which renal hemo- 
dynamics may be altered. It has been suggested by Peet, Woods and 
Braden ** and others that an overactivity of the renal sympathetic vaso- 
constrictor nerves may initiate the process. Moritz and Oldt ** have 
reported the observation at autopsy of marked renal arteriolar sclerosis 


24. Fasciolo, J. C., and Leloir, L. F.: The Mechanism of Renal Hypertension, 
Am. J. M. Sc. 200:608, 1940. 
25. Grollman, A.; Williams, J. R., and Harrison, T. R.: Reduction of Elevated 


Blood Pressure by Administration of Renal Extracts, J. A. M. A. 115:1169 (Oct. 
5) 1940 


26. Page, I. H.; Helmer, O. M.; Kohlstaedt, K. G.; Fouts, G. F.; Kempf, G. F., 
and Corcoran, A. C.: Substance in Kidneys and Muscle Eliciting Prolonged Reduc- 
tion of Blood Pressure in Human and Experimental Hypertension, Proc. Soc. 
Exper. Biol. & Med. 483:722, 1940, 

27. Peet, M. M.; Woods, W. W., and Braden, S.: The Surgical Treatment of 
Hypertension, J. A. M. A, 115:1875 (Nov. 30) 1940. 

28. Moritz, A. R., and Oldt, M. R.: Arteriolar Sclerosis in Hypertensive and 
Non-Hypertensive Individuals, Am. J. Path. 13:679, 1937. 
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in patients who died of hypertension. This was found only occasionally 
in the kidneys of patients who died without hypertension. These 
authors have suggested that arteriolar disease occurring primarily in the 
kidneys may initiate a Goldblatt clamp type of renal hypertension jn 
man. It is of interest that the incidence. of renal arteriolar sclerosis 
greatly exceeded that of arteriolar sclerosis elsewhere in the body only in 
those patients who died from renal failure and were classified as having 
had malignant hypertension. Patients with-hypertension of a more 
benign and chronic course who ultimately died of cerebral hemorrhage 
or cardiac failure had about the same amount of arteriolar sclerosis in 
the kidneys as in the spleen, pancreas, adrenal glands, gastrointestinal 
tract and skeletal muscles. The observation that there was less arteriolar 
sclerosis in the kidneys of patients without hypertension than in other 
tissues of the same patients is not clearly understood. 

Clinical efforts to treat essential hypertension directed toward a renal 
factor either by division of the splanchnic nerves (Peet, Woods and 
Braden ** and many others) or by the removal of unilateral diseased 
kidneys (Braasch, Walters and Hammer **; Crabtree and Chaset,*® and 
others) have in many instances been disappointing. It is entirely pos- 
sible that the renal factor may be primary only in a certain group of 
hypertensive patients and that other factors may be primary in other 
groups, in which there may be no evidence of renal change in the early 
stage of the disease. 


NEUROGENIC HYPERTENSION 


Many observers of essential hypertension have stressed the impor- 
tance of the emotional or psychologic status of their patients ( Stewart,” 
Katz and Leiter **; Alexander **; Weiss **; Robinson **; Gilbert,** and 


29. Braasch, W. A.; Walters, W., and Hammer, H. J.: Hypertension and the 
Surgical Kidney, J. A. M. A. 115:1837 (Nov. 30) 1940. 

30. Crabtree, E. G., and Chaset, N.: Vascular Nephritis and Hypertension, 
J. A. M. A. 115:1842 (Nov. 30) 1940. 

31. Stewart, H. J.: The Management of Hypertension, Bull. New York Acad. 
Med. 14:681, 1938. 

32. Katz, L. N., and Leiter, L.: The Present Conception of “Essential” Hyper- 
tension, Psychosom. Med. 1:101, 1939. 

33. Alexander, F.: Emotional Factors in Essential Hypertension: Presentation 
of a Tentative Hypothesis, Psychosom. Med. 1:173, 1939. 

34. Weiss, E.: Recent Advances in the Pathogenesis and Treatment of Hyper- 
tension, Psychosom. Med. 1:180, 1939. 

35. Robinson, S. K.: A Comparison of the Medical and Surgical Treatment in 
Hypertension with Special Reference to the Importance of Psychic Factors in 
Evaluating the Results, with a Report of Ninety-Two Cases Treated Medically, J. 
Nerv. & Ment. Dis. 91:157, 1940. 

36. Gilbert, N. C.: Hypertension, Northwest Med. 39:202 and 255, 1940. 
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others). Recognition of psychosomatic factors with evidence of psycho- 
motor and psychovasomotor overactivity and reports of improvement 
following environmental change, psychotherapy and sedation point to 
the existence of a type of hypertension in which neurogenic factors are 
important. Vasomotor instability evidenced by abnormally high 
responses to the “cold pressor test” has been observed in a great majority 
of patients with essential hypertension (Hines ** and others). A neuro- 
genic type of hypertension related to vasomotor instability must, accord- 
ing to physiologic concepts, be reflex and effected largely if not entirely 
through the sympathetic nervous system. Physiologic studies related to 
the role of the sympathetic nervous system in the mediation of experi- 
mental central or neurogenic types of hypertension may therefore afford 
information related directly to the surgical treatment of essential 
hypertension. 

Such central neurogenic types of hypertension have been described 
as occurring in dogs after a variety of procedures, including experi- 
mental increase of intracranial pressure, progressive ligation of cerebral 
arteries, injection of kaolin into the cisterna magna or the fourth ven- 
tricle and section of the modulator, buffer or regulator nerves from the 
pressure-sensitive areas of the carotid sinus and of the cardioaortic 
region. The last-mentioned procedure, since it produces an abnormality 
of vasomotor regulation by removing the buffer action of these nerves 
and thus produces a chronic and enduring type of hypertension, is well 
suited for these physiologic studies. 

The aortic depressor nerve was described by Willis ** (1664) and by 
Theile ** (1825). The carotid sinus was noted in anatomic dissections 
by Meyer * (1875), Schafer ** (1878) and Binswanger ** (1879). 

37. Hines, E. A., Jr.: Significance of Vascular Hyperreaction as Measured by 
Cold-Pressor Test, Am. Heart J. 19:408, 1940; Range of Normal Blood Pressures 
and Subsequent Development of Hypertension: Follow-Up Study of 1,522 Patients, 
J. A. M. A. 115:271 (July 27) 1940. 

38. Willis, T.: De cerebri anatome nervorumque descriptio et usus, London, 
J. Flesher, 1664; Of the Description and Use of the Nerves, translated from the 
Latin by S. Pordage, London, T. Dring, C. Harper, J. Leigh, 1684. 

39. Theile, F. W.: De musculis nervisque laryngeis, Inaug. Dissert., Jena, typ. 
Schreiberi et soc., 1825, p. 35. 

40. Meyer, L.: Ueber aneurysmatische Veranderungen der Carotis interna 
Geisteskranker, Arch. f. Psychiat. 6:84, 1875. 

41. Schafer: Ueber die aneurysmatischer Erweiterung der Carotis interna an 
ihrem Ursprung, Allg. Ztschr. f. Psychiat. 34:438, 1878. 


42. Binswanger, O.: Anatomische Untersuchungen iiber die Ursprungsstelle 
und den Anfangstheil der Carotis interna, Arch. f. Psychiat. 9:351, 1879. 
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Physiologic studies of the cardioaortic depressor nerves were reported 
by Cyon and Ludwig ** (1866), Roever ** (1869 and Wooldridge ® 
(1883). It was, however, not until the work of Hering * (1924) and 
de Castro *’ (1926) that the fundamental investigations were started 
which led to an understanding of the importance of these structures in 
the regulation of blood pressure and respiration. The first experiments 
suggesting that the division of these four modulator nerves, one from 
each carotid sinus and one alongside each vagus nerve, could cause 
chronic hypertension came in the reports of Koch and Mies.** These 
authors demonstrated moderate hypertension (pressure 150 to 180 mm. 
of mercury) following this procedure in rabbits, and later (1931) they 
made the same demonstration in dogs (Koch **). Koch, working with 
Mattonet in 1934 °° on rabbits, cats and dogs, reversed this original 
statement and reported that the elevation of blood pressure does not 
endure but rather returns to lower levels after many months. Heymans 
and Bouckaert * in 1931 presented the first of a comprehensive series of 
studies of chronic enduring neurogenic hypertension in dogs and reported 
pressures as high as 250 mm. of mercury after section of the modu- 
lator nerves. Dautrebande,*? in the same year, during pharmacologic 
studies incidentally observed elevations of blood pressure in 3 dogs 


43. Cyon, E., and Ludwig, C.: Die Reflexe eines der sensiblen Nerven des 
Herzens auf die motorischen der Blutgefasse, Arb. a. d. physiol. Anat. zu Leipzig 


(1866), 1867, p. 128. 

44. Roever, G.: Kritische und experimentelle Untersuchung des Nerveneinflusses 
auf die Erweiterung und Verengerung der Blutgefasse, Rostock, H. Koch, 1869. 

45. Wooldridge, L.: Ueber die Function der Kammernerven des Sauge- 
thierherzens, Arch. f. Physiol., 1883, p. 522. 

46. Hering, H. E.: Der Sinus caroticus, Miinchen. med. Wehnschr. 71:70, 
1924. 

47. de Castro, F.: Glomus Caroticum, Structure, Trab. Lab. de invest. biol., 
Madrid 24:365, 1926. 

48. Koch, E., and Mies, H.: Ueber Gefassreflexe insbesondere iiber die Blut- 
druckziigler, Ergebn. d. ges. Med. 13:297, 1929; Cronischer arterieller Hochdruck 
durch experimentelle Dauerausschaltung das Blutdruckziigler, Krankheitsforschung 
7:241, 1929. 

49. Koch, E.: Ergebnisse der Kreislaufforschung, Dresden, Theodor Steinkopff, 
1931, vol. 1. 

50. Koch, E., and Mattonet, K.: Versuche zur Frage der arteriellen Hyper- 
tonie nach Dauerausschaltung von pressorreceptorischen Kreislaufnerven, Ztschr. f. 
d. ges. exper. Med. 94:105, 1934. 

51. Heymans, C., and Bouckaert, J. J.: Observations chez le chien en hyper- 
tension artérielle chronique et expérimentale, Compt. rend. Soc. de biol. 106:471, 
1931. 

52. Dautrebande, L.: Réactions vasomotrices a l’oxygéne et A I’acide carbonique 
chez le chien en hypertension artérielle par énervation des zones vasosensibles, 
Arch. internat. de pharmacodyn, et de thérap. 40:107, 1931. 
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similarly prepared. This occurrence of enduring hypertension in dogs 
has been repeatedly confirmed in the laboratory of Heymans ** in Bel- 
gium and in the United States by Nowak and Walker,** Nowak ** and 
me.” 

Goldblatt, Kahn, Bayless and Simon ** and several other authors 
have failed to obtain this type of hypertension. A statement of observa- 
tions agreed on by all who have reported positive results in dogs might 


aid in an evaluation of the negative results. Denervation or excision of 


the carotid sinuses alone will effect only transient hypertension. The 
modulator function is quickly taken over by the two cardioaortic 
depressor nerves. Denervation or excision of the carotid sinuses and 
division of one cardioaortic depressor nerve will also fail to produce 
enduring hypertension. The remaining cardioaortic depressor nerve will 
take over the function of the three eliminated nerves. Similarly, division 
of a large part of the remaining depressor nerve will frequently fail to 
produce chronic hypertension. In the dog the cervical sympathetic chain 
and the cardioaortic depressor nerve run in a single trunk, along with 
the vagus nerve. Frequently the separation of these structures is 
extremely difficult, and even by an experienced operator a portion of 
the depressor nerve may be overlooked or the vagus nerve may be so 
damaged that a general state of malnutrition accompanied with frequent 
vomiting follows. In either event hypertension may fail to develop. 
Most operators have, with increasing experience, been able to produce 


in dogs higher and higher percentages of substantial hypertensions. 


NEUROGENIC HYPERTENSION AND THE SYMPATHETIC 
NERVOUS SYSTEM 
Several investigations have been made to determine the relation of 
the sympathetic nervous system to experimental neurogenic hyperten- 
sion in dogs. Bacq, Brouha and Heymans ** reported that complete sym- 


53. Personal observation made during 1938 and 1939 in the laboratory of Prof. 
-. Heymans, University of Ghent, Belgium. 

54. Nowak, S. J. G., and Walker, I. J.: Experimental Studies Concerning 
the Nature of Hypertension, New England J. Med. 220:269, 1939. 

55. Nowak, S. J. G.: Chronic Hypertension Produced by Carotid Sinus and 
Aortic-Depressor Nerve Section, Ann. Surg. 111:102, 1940. 

56. Grimson, K. S.: Role of the Sympathetic Nervous System in Experi- 
mental Neurogenic Hypertension, Proc. Soc. Exper. Biol. & Med. 44:219, 1940. 

37. Goldblatt, H.; Kahn, J. R.; Bayless, F., and Simon, M. A.: The Effect 
of Excision of the Carotid Sinuses on Experimental Hypertension Produced by 
Renal Ischemia, J. Exper. Med. 71:175, 1940. 
58. Bacq, Z.; Brouha, L., and Heymans, C.: Section des nerfs aortiques et 
sino-carotidiens chez le chien totalement sympathectomisé, Compt. rend. Soc. de 
biol. 115:1380, 1934. 
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pathectomy prevented the carotid sinus reflex in acute experiments in 
dogs but not entirely in cats. Elaut ** observed that denervation of the 
kidneys in 3 dogs did not prevent or alleviate the hypertension produced 
by section of the depressor nerve. On a dog with experimental neuyro- 
genic hypertension Heymans and Bouckaert ® performed total sympa- 
thectomy in the following stages : abdominal sympathectomy and resection 
of the splanchnic nerves; celiac and superior mesenteric ganglionec- 
tomy, and bilateral thoracic sympathectomy. The blood pressure 
remained at a normal level over a five day period of observation, from 
which they concluded that sympathectomy must be complete to abolish 
hypertension. These experiments have been reviewed by Heymans."* 

Nowak and Walker ** and Nowak * have enlarged on these studies. 
They reported the development of sustained hypertension in 10 dogs, the 
pressures ranging up to 245 mm. of mercury ; the condition was observed 
in 1 instance for as long as three years. They reported that resection of 
the splanchnic nerves lowers the blood pressure only temporarily. They 
also reported that total sympathectomy preliminary to section of the 
modulator nerves fails to prevent the immediate development of a modest 
elevation of blood pressure. This last observation conflicts with the 
report of Bacq, Brouha and Hymans ** that sympathectomy abolishes 
the carotid sinus reflex in dogs. 


EXPERIMENTAL STUDIES 


Since increasing importance is being attributed to vasomotor insta- 
bility in patients with “essential hypertension,” studies have been 
undertaken to investigate further the hypertension resulting from 
the disturbance of vasomotor regulation that follows section of the 
modulator nerves in dogs. These were performed in order to deter- 
mine the role played by the sympathetic system in part and as a whole. 
Further studies were designed to determine whether there is a correla- 
tion between this neurogenic type of hypertension and renal hypertension. 
Preliminary reports of this work have been published (Grimson, Bouck- 
aert and Heymans,®* Grimson *). The experiments were performed on 
dogs and were of the chronic type. All blood pressures were taken by 


59. Elaut, L.: Influence de l’énervation rénale sur I’hypertension expérimentale 
chronique chez le chien, Compt. rend. Soc. de biol. 119:318, 1935. 

60. Heymans, C., and Bouckaert, J. J.: Hypertension artérielle expérimentale 
et sympathectomie, Compt. rend. Soc. de biol. 120:82, 1935. 

61. Heymans, C.: Some Aspects of Blood Pressure Regulation and Experi- 
mental Arterial Hypertension, Surgery 4:487, 1938. 

62. Grimson, K. S.; Bouckaert, J. J., and Heymans, C.: Production of a 
Sustained Neurogenic Hypertension and Renal Origin, Proc. Soc. Exper. Biol. & 
Med. 42:225, 1939. 
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direct puncture of the femoral artery with a needle connected to a mer- 
cury manometer, 

Experimental Neurogenic Hypertension in Dogs.—Twenty-four 
apparently normal dogs were operated on according to the technic per- 
sonally demonstrated by Bouckaert.”* 


Technic: This consists of exposure of both carotid sinuses and the upper part 
of both vago-sympathetic-depressor nerve trunks at the level of the thyroid cartilage 
through a 3 inch (7.5 cm.) midline incision. The gray strand representing the 
‘ervical sympathetic chain is located near the superior cervical ganglion. In a few 
instances the whiter depressor nerve lying with it on the medial aspect of the vagus 
nerve is easily seen. Usually, however, it is necessary with a delicate, sharp instru- 
ment or a needle to tear apart the medial fibers of the vagus nerve up near the 
superior laryngeal nerve or at a level with or slightly below the carotid sinus until 
all strands suspected of being depressor nerve fibers are freed from the whiter vagus 
nerve. A segment of these is then removed. The right vagus nerve is explored 
first. Usually the depressor nerve and the cervical sympathetic chain on this side 
are cut. If, however, the dissection is obscure or the vagus nerve is damaged, 
exploration of the opposite vagus nerve is undertaken. In either event 1 inch 
(2.5 cm.) of one entire vago-sympathetic-depressor trunk and a short segment of 
the sympathetic depressor portion of the opposite trunk are removed. Each carotid 
sinus is entirely removed, a single ligature being used for its branches and another 
for its common carotid trunk. This procedure reduces to a minimum the dangers 
of overlooking portions of the modulator nerves and of nerve regeneration. The 
blood supply of the brain is adequately preserved through the vertebral and other 
collateral arteries. 


Of the 24 normal dogs operated on, enduring hypertension developed 
in 18. Ten showed immediate hypertension, with blood pressure readings 
averaging more than 250 mm. of mercury during the interval (one to 
four months) that preceded further surgical intervention. Readings 
as high as 308 mm. of mercury were recorded. Four dogs had imme- 
diate elevation of blood pressure, with average readings from 200 to 250 
mm. of mercury, which persisted at that level two and a half to five 
months before further experimental intervention. For 3 dogs the readings 
were below or around 200 mm. for about two months and then showed 
further gradual elevation, reaching in four to six months levels of about 
220, 260 and 280 respectively. The blood pressure of 1 dog averaged 
175 mm. of mercury, but after another operation and division of 
the medial third of the remaining portion of the right vagus nerve the 
average reading increased to 218 mm. during the following four months. 
A composite graph of the blood pressures of these 18 dogs is presented 
(chart 1). 

Of the 6 remaining dogs, 1 died at the time of operation. Two died 
ot distemper five days after the operation, without postoperative blood 


‘ 
423 


Prof. J. J. Bouckaert of Prof. C. Heymans’ Laboratory in Ghent, Belgium. 
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pressure readings. Two died respectively eleven and thirty-one days 
after the operation ; the maximum blood pressure readings were 206 and 
242 mm. of mercury respectively. Malnutrition and vomiting were con- 
spicuous. One animal (dog 46) showed a gradual elevation of blood 
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Chart 1—Blood pressure reading for 18 dogs before and after excision of both 
carotid sinuses and division of the entire vagus-sympathetic-depressor nerve in one 
side, and the sympathetic depressor nerves in the other side, of the neck. 





pressure ; the value reached 202 mm. in forty-two days and then receded 
to the preoperative level at seventy-four days. The remaining vagus 
trunk was then explored, and its entire medial half was divided. This 
failed to elevate the blood pressure appreciably. One hundred and forty- 
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six days after the operation the dog was anesthetized with chloralose 
(chloral hydrate and dextrose) and the remaining portion of the right 
vagus nerve was divided. During the succeeding half-hour of obser- 
vation no elevation of the blood pressure occurred. This animal, in spite 
of occasional vomiting, had maintained its body weight fairly well, and 
it is difficult to explain the failure of development on enduring hyper- 
tension. None of these 24 dogs at any time showed symptoms of post- 
mortem appearances consistent with the malignant phase of hypertension. 


Neurogenic Hypertension, Renal Denervation and Total Paraverte- 
bral Sympathectomy.—Cannon, Newton, Bright, Menkin and Moore “ 
showed in cats and later in dogs that complete removal of the paraverte- 
bral sympathetic chains is compatible with life. In this laboratory 54 
dogs have been sympathectomized by a modification of the Cannon 
technic, previously reported.** Blood pressures were observed in 36 
instances. Some of these animals have been observed as long as three 
vears and five months. Their behavior and activity are practically 
normal. The effect of treatment of experimental neurogenic hyper- 
tension by total paravertebral sympathectomy was studied in 3 of the 
18 hypertensive dogs previously described. The kidneys in 2 of these 
dogs had previously been denervated at their pedicles, in 1 before and 
in 1 after division of the modulator nerves. This did not appear to alter 
the elevation of blood pressure that followed division of the modulator 
nerves. The effect of complete sympathectomy on the blood pressure 
of these 2 dogs is shown in chart 2. In a third dog, an old animal, the 
kidneys were not denervated. Its blood pressure averaged 174 mm. of 
mercury before section of the modulator nerves, 226 mm. of mercury 
during eighty-three days of neurogenic hypertension and 123 mm. of 
mercury during twenty-four days of observation after completion of the 
total sympathectomy. 


Paravertebral Sympathectomy Followed by Section of the Modulator 
Nerves—In 8 dogs the aforementioned procedure was reversed by first 
performing complete paravertebral sympathectomy and later sectioning 
the modulator nerves. In normal dogs the blood pressure is moderately 
lowered by complete paravertebral sympathectomy, but within one to 
three months it begins to rise, and within six to twelve months it returns 
to preoperative levels. Accompanying this there is partial restoration 


64. Cannon, W. B.; Newton, H. F.; Bright, E. M.; Menkin, V., and Moore, 
R. M.: Some Aspects of the Physiology of Animals Surviving Complete Exclusion 
of the Sympathetic Nerve Impulses, Am. J. Physiol. 89:84, 1929. 

65. (2) Wilson, H.; Roome, N. W., and Grimson, K.: Complete Sym- 
pathectomy, Ann. Surg. 108:498, 1936. (b) Grimson, K. S.; Wilson, H., and 
Phemister, D. B.: The Early and Remote Effects of Total and Partial Para- 
vertebral Sympathectomy on Blood Pressure, ibid. 106:801, 1937. 
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of central vasopressor control.°*” To avoid this period of blood pressure 
recovery, the operations on the carotid sinuses and the depressor ne 
were performed either within a month of completion of the sympa- 
thectomy or more than a year later, at which time the preoperative blood 
pressure had been restored. 


Tves 


Section of the Modulator Nerves Before Recovery: Six di eS were 
completely sympathectomized in three stages and then subjected to 
section of the modulator nerves within a month. All tolerated the section 
poorly. The first 2 died; 1, after six hours, with symptoms suggesting 


decerebrate rigidity, and the other, after twenty-four hours, with vaso- 
motor collapse. The other 4 were given fluids intravenously each day 
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Chart 2.—Effect of complete paravertebral sympathectomy and of denervation 
of the kidney on neurogenic hypertension produced by section of the modulator 
nerves. 


and after a week were in good condition. One of these, which almost 
died, was given an intracardiac injection of epinephrine hydrochloride 
at the time of the operation. The blood pressures of these 4+ dogs 
averaged 144 mm. of mercury before the sympathectomy and 107 mm 
of mercury during the periods of fourteen to twenty-eight days that 
preceded section of the modulator nerves. They were eating well and 
in good general condition when this procedure was carried out. During 
the following month their blood pressures averaged 101 mm. of mercury. 
The highest single reading observed was 146 mm. (on the twenty-eighth 
postoperative day). One of these dogs was observed three hundred and 
ten days after section of the modulator nerves. The blood pressure 
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eradually rose until, during the last three months, it averaged 222. The 
blood pressure elevation beginning a month after section of the modulator 
sympa- nerves and the indifferent effect of celiac ganglionectomy in the other 
ve blood dog (dog 678) are shown in chart 3. 


pressure 
r nerves 


Section of the Modulator Nerves After Recovery: Two dogs with 


vs were control blood pressures averaging 148 and 146 mm. of mercury 
cted to respectively were sympathectomized. During the first three months 


> 


> section 
ygesting of mercury respectively. In seven and eleven months respectively they 


alter sympathectomy their blood pressures averaged 134 and 110 mm. 
h vaso- had regained their preoperative levels. During the next sixteen and 
ach day seventeen months their blood pressures averaged 149 and 152. At this 
time the modulator nerves were divided. During the following thirty-one 
days their pressures averaged 173 and 165 mm. of mercury respectively. 
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Chart 3—Blood pressure changes following total paravertebral sympathectomy 
and subsequent section of the modulator nerves. Section was performed before the 
period of vasomotor recovery that ordinarily follows complete sympathectomy in dog 
678 and after this period in dog 686. Note that several months elapsed between 
section of the modulator nerves and the development of definite hypertension in 


dog 678 


nervation 


nodulator 


1 almost 


chloride \t this time their necks were reoperated on, and in each the medial 
4 dogs 


07 mm 


third of the remaining portion of the vagus nerve was cut. They have 
since been observed for one hundred and seventy-eight days and have 
had average blood pressures of 159 and 165 mm. of mercury respectively. 
The blood pressure curve for the second of these 2 dogs (dog 686) is 
shown in chart 3. 
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the blood pressure elevation seemed stabilized, the abdomen was opened 
through a midline incision, the abdominal sympathetic chains were 
removed and all of the splanchnic nerves were divided where they pass 
through the crux of the diaphragm. The effect on the blood pressure 
is shown in table 1. 

Neurogenic Hypertension, Section of Splanchnic Nerves, Abdominal 
Sympathectomy and Celiac Ganglionectomy.—In 4 dogs the procedure 
just described was repeated, except that in addition to removal of the 
abdominal sympathetic chains and division of the splanchnic nerves at 
the diaphragm, the celiac ganglion was excised as completely as possible. 
The effect on all 4 dogs is shown in table 2 and in the graph of dog 701 
in chart 4. 
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Chart 4.—Effect on blood pressure of subdiaphragmatic resection of the 
splanchnic nerves, abdominal sympathectomy and celiac ganglionectomy in dog 701. 
This operation was performed five months after section of the modulator nerves 
and the associated development of neurogenic hypertension. 


In 3 dogs the lower six thoracic and first lumbar sympathetic 
ganglions were removed, together with several centimeters of the 
splanchnic nerve, through bilateral transthoracic approaches after 
resection of portions of the tenth rib. Both sides were treated at one 
operation. Table 3 shows the effect of this procedure on blood pressure. 

Neurogenic Hypertension and Bilateral Excision of Upper Six 
Thoracic Ganglions—In 2 dogs the upper six thoracic ganglions were 
removed at one operation through bilateral transthoracic approaches 
after resection of segments of the fourth rib on either side. The control 
blood pressures were 128 and 158 mm. of mercury, and the average blood 
pressures were 261 and 257 mm. of mercury, during the sixty-two days 
of observation following section of the modulator nerves. Fifty-seven 
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days after bilateral remov al of the upper six thoracic sympathetic chains 
the blood pressures were 218 and 220 mm. of mercury respectively. The 
pulse rates have averaged 98 and 118 respectively since this operation. 


Neurogenic Reflex “Renal” Hypertension—It has been established 
in the literature and in the studies reported that experimental neurogenic 
hypertension following section of the modulator nerves is neither 


Taste 1—Effect of Subdiaphragmatic Resection of Splanchnic Nerves and 
Removal of Abdominal Sympathetic Chains 








Average Blood Pressure After Resection of Splanchnic Nerves 
Control Neurogenic and Abdominal | Sympethostemy 
Blood Hypertensive -———— — - ——_A-__— $n, 
Dog Pressure Pressure 1 Mo. 2 Mo. 3 Mo. "' Mo. 5 Mo. 6 Mo. 7 Mo. | 8 Mo. 9 mo. 10 Mo. 


70 days, 257 192 216 206 216 276 284 — _ -e 
75 days, 256 150 200 218 200 198 202 174 200 196 

122 days, 264 209 266 220 232 —— 284 one aie ‘ne 
85 days, 215 218 170 172 152 151 170 212 





TasLe 2.—Effect of More Extensive Procedure 








Control Average Blood Pressure After Resection of Splanchnic Nerves, 
Blood Neurogenic Abdominal Sympathectomy and Celiac Ganglionectomy 
Pres- Hypertensive ———— ——— 
Dog sure Pressure 1 Mo. 2 Mo. : . 4Mo. 5 , 4 7 Mo. ‘8 Mo. 9 9 Mo. 10 Mo. 11 Mo. 


9 144 16 days, 258 2 265 28: 322 P 3 son 300 318 226 304 
130 days, 238 5 P 242 2 226 242 nae 226 240 220 
112 days, 286 236 3 26 264 p 3 294 — 234 me ota 
79 days, 212 y 217 2 - 222 226 192 Gea 220 





TaBLe 3—Effect of Bilateral Low Thoracic Sympathectomy and Resection of 
Splanchnic Nerves 








Preoperative Average Blood Pressure After Bilateral Lower Thoracic Sym- 
Control Neurogenic pathectomy and Resection of Splanchniec Nerves 

Blood Hypertensive - - —— 

Dog Pressure Pressure ‘ . 3 Mo. 4 Mo. 5 Mo. 





50 128 175 days, 195 ‘ 228 214 222 
101 136 161 days, 202 ‘ 206 242 212 206 
49 132 161 days, 219 P 214 226 246 





Dog 4 4y required reoperation and division of the medial third of the remaining right vagus 
nerve before the neurogenic hypertension became established. The blood pressure average and 
Ume under “Neurogenic Hypertension” are after the second operation on the neck. 


prevented nor appreciably altered by renal denervation. The following 
experiment was designed to determine whether the converse held true, 
1.e., whether hypertension could be effected after sympathetic denervation 
of everything except the kidneys. Total sympathectomy was performed 
except for the nerve supply to the adrenals and kidneys, and then the 
modulator nerves were sectioned. This was done to see whether the 
reflex sympathetic stimulation of these organs only would result in 
hypertension. Section of the modulator nerves, as is confirmed by the 
foregoing experiments, does not effect an immediate elevation of blood 
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pressure in totally sympathectomized dogs. The delayed elevation of 
blood pressure previously described and illustrated in chart 3 (dog 678) 
did not develop sooner than six weeks after completion of the sym- 
pathectomy, a month after section of the modulator nerves. Its progres- 
sion to a sustained, moderately hypertensive level was gradual, requiring 
at least four months. 

The technic of total sympathectomy except for the sympathetic 
outflow to the kidneys and the adrenal glands, together with the early 
results of section of the modulator nerves on 3 dogs and of subsequent 
renal denervation of 2 of them, has been previously reported from 
Professor Heymans’ laboratory in a preliminary form by Bouckaert and 
Heymans and me.** This type of sympathectomy is performed in three 
stages. In the first stage the abdominal sympathetic chains below the 
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Chart 5.—Effect on blood pressure of paravertebral sympathectomy complet: 


except for the splanchnic nerve supply to the adrenals and kidneys only and of 
subsequent section of the modulator nerves and renal denervation. A, B and C, 
three stages of sympathectomy, which was total except for the splanchnic nerve 
supply to the adrenals and the kidneys. S, M, N, Section of the modulator nerves 
K, D, denervation of the kidneys at their pedicles. C, subsequent section of the 
splanchnic nerves in dog 617. 


second lumbar ganglion are removed; the first and second lumbar 
somatic nerves are cut distal to the origin of the sympathetic rami, and 
the branches of the celiac and superior mesenteric ganglions are divided, 
only those running to the kidneys being left. The second and third 
operations consist of the removal from first one and then the other side 
of the chest of the first seven thoracic sympathetic ganglions, including 
the stellate ganglion, and division of the lower six intercostal nerves 
just distal to the origin of the sympathetic rami. This procedure when 
properly executed should leave the animal completely sympathectomized 
except for the origin and course of the splanchnic nerves through the 
diaphragm passing near the adrenal glands and through the celiac and 
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superior mesenteric ganglions to the kidneys. Section of the modulator 
nerves should then influence only the adrenal glands and the kidneys. 

Nine dogs have been prepared in this manner, including those 
operated on in Ghent. Seven of these underwent section of the 
modulator nerves. All 7 showed moderate but definite hypertension, 
Studies of the pulse rates of 3 of these dogs showed no definite accelera- 
tion. Since the hypertension might be explained by overlooked sym- 
pathetic branches, increased secretion of epinephrine or a renal influence, 
the effect of denervation of the kidneys at their pedicles was studied in 
5 of these dogs. This renal denervation substantially reduced the hyper- 
tension in each instance. Table 4 summarizes the results. 

Blood pressure graphs of 2 of these dogs (Ghent 1 and Ghent 2) 
are reproduced (Heymans and Bouckaert ®). The data on the remain- 
ing 3 which subsequently underwent renal denervation are graphed in 
chart 5. It is of interest that recovery of the blood pressure in these 
almost completely sympathectomized dogs was observed months after 
renal denervation. This parallels the phenomenon previously described 
as occurring in totally sympathectomized dogs. 

This experiment suggests that there may be some correlation between 
experimental neurogenic hypertension and renal hypertension. In this 
respect a consideration of possible humoral factors is important. 
Heymans and Bouckaert,” in a preliminary report, stated that the blood 
of neurogenic hypertensive animals produces more vasoconstriction of 
a test spleen than does the blood of normal animals. Goormaghtigh has 
observed changes in cells of the media of the arterioles of the juxta- 
glomerular apparatus in kidneys of neurogenically hypertensive animals 
which resemble those seen in the kidneys of animals with renal hyper- 
tension produced by obstruction of the renal arteries. 

Interpretation of these reports is difficult. It is, however, of interest 
that experimental neurogenic hypertension does not seem to be dependent 
on sympathetic innervation of the splanchnic area, kidneys or adrenals. 
The highest blood pressure observed in our laboratory, 322 mm. of 
mercury, was observed in an animal (dog 96) after section of the 
modulator nerves and subsequent abdominal sympathectomy and division 
of the splanchnic nerves. The completeness of the abdominal sympa- 
thectomy has been checked by a subsequent exploratory operation. 


SUMMARY 
Surgical efforts to treat clinical hypertension in certain instances by 
denervation of the splanchnic area and the clinical emphasis placed on 
“oe Ie ~ . , ° _ le 
66. Heymans, C., and Bouckaert, J. J.: Au sujet de I’hypertension artéerielle 
expérimentale, Bull. Acad. roy. de méd. de Belgique 4:441, 1939. 
> . . . ‘ 
67. Heymans, C., and Bouckaert, J. J.: Vasoconstrictor Properties in Blood 
of Hypertensive Dogs, Proc. Soc. Exper. Biol. & Med. 39:94, 1938. 
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psychosomatic factors and vasomotor instability in many patients with 
“essential hypertension” have stimulated this study of the role of the 
sympathetic nervous system in the neurogenic type of hypertension 
produced in dogs by the disturbance of vasomotor regulation following 
section of the modulator, buffer or depressor nerves. 

The existence of this hypertension has been confirmed by its pro- 
duction in 18 normal dogs. Ten had mean systolic blood pressures 
ranging from 250 to 300, and 8 had pressures ranging from 200 to 250, 
mm. of mercury. Complete removal of the paravertebral sympathetic 
chains prevented the elevation of blood pressure that ordinarily follows 
section of the modulator nerves provided that these nerves are cut before 
the onset of the incomplete vasomotor recovery which ordinarily follows 
complete sympathectomy in dogs. Similarly, total paravertebral sym- 
pathectomy reduced the blood pressure of neurogenic hypertensive 
animals to or below normal for a time (four to six weeks). During 
and after the phase of vasomotor and blood pressure recovery that 
follows total sympathectomy these two groups of dogs had elevations of 
the blood pressure above normal. 

The effect of (a) renal denervation, (b) division of the splanchnic 
nerves and abdominal sympathectomy, (c) division of the splanchnic 
nerves, abdominal sympathectomy and celiac ganglionectomy, (d) lower 
thoracic sympathectomy and section of the splanchnic nerves and (e) 
upper thoracic sympathectomy on the blood pressures of neurogenic 
hypertensive dogs was studied. Hypertension was observed after each 
of these procedures. 

Hypertension, apparently of renal origin, was observed to follow 
division of the modulator nerves in dogs completely sympathectomized 
except for the splanchnic nerve distribution to the adrenal glands and 
kidneys. This was markedly reduced by subsequent denervation of the 
kidneys. Late elevations of pressure, apparently parallel to those 
observed in totally sympathectomized dogs, were seen in some of these 
animals. 

COMMENT 

It is always difficult to estimate the value of experimental studies in 
attempting evaluations of clinical problems. Many authors have, how- 
ever, spoken of renal types and of neurogenic types of clinical 
hypertension. A form of experimental hypertension similar in many 
respects to each of these two types of clinical hypertension can be 
produced in dogs. The renal type may be produced by a Goldblatt 
clamp or by Page ®* perinephritis, and the neurogenic type, by removal 
of the regulating influence of the modulator nerves. 

_ 68. Page, I. H.: The Production of Persistent Arterial Hypertension by 
Cellophane Perinephritis, J. A. M. A  113:2046 (Dec. 2) 1939. 
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The experimental renal type of hypertension, in my experience and 
in that of others, develops a somewhat more modest blood pressure 
elevation. The malignant phase of hypertension is seen with this type, 
at times without great elevation of blood pressure. The neurogenic 
type of experimental hypertension seems to develop greater elevations 
of blood pressure, but not once has a malignant type of hypertension 
been observed. This would seem to indicate that the malignant phase 
of experimental hypertension may be a renal phenomenon. If a parallel 
exists in clinical hypertension, one might postulate that the malignant 
phase occasionally seen in patients with essential, or idiopathic, hyper- 
tension is also a renal phenomenon. 

Many laboratory and clinical studies would seem to indicate that little 
benefit can be obtained in cases of “renal” hypertension by denervation 
of the kidney done either directly or through denervation of the 
splanchnic area. Laboratory tests by many investigators of the effect 
of denervation of the splanchnic area on dogs with renal hypertension 
would indicate that little symptomatic lowering of the blood pressure 
can be achieved. 


As has been stated, many authors have referred to neurogenic types 


of clinical hypertension or have emphasized the importance of neuro- 
genic elements in many patients with hypertension of the essential, or 
idiopathic, type. These central vasopressor influences must, according 
to present physiologic concepts, be reflex and expressed through the 
vasomotor center and over the sympathetic nervous system. [If clinical 
hypertension primarily of this type exists, it may in many respects 
resemble the neurogenic hypertension produced in dogs by sectioning 
the modulator nerves and thus removing their buffering influence against 
reflex vasopressor stimuli reaching the vasomotor center. The experi- 
ments cited have emphasized that it is in cases of this type of 
hypertension that the greatest benefit may be expected from surgical 
intervention directed toward the sympathetic nervous system. The 
observation of incomplete central vasomotor recovery following total 
sympathectomy has placed some limitation on the duration of the benefits 
that may be expected from such intervention. Another limitation is 
offered by the presence of irreversible pathologic changes of blood 
vessels, which can maintain a fixed increased peripheral resistance, 
independent of nervous or humoral influences. 

The experiments dealing with neurogenic hypertension have given 
some indication of what may be expected from various types of sym- 
pathetic denervation. The importance of the splanchnic area seems to 
have been overemphasized. Denervation of the splanchnic area in these 
experiments lowered the blood pressure only slightly or not at all. This 
corresponds to the previously reported observations that denervation of 
the splanchnic area of various types does not appreciably alter the vaso- 
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pressor response to increased intracranial pressure. Total sympath- 
ectomy, on the other hand, prevents it.” These observations have been 
confirmed and elaborated by Freeman and Jeffers,°® who have suggested 


that sympathetic denervation of both the heart and the adrenal glands 
will also prevent the elevation of blood pressure produced by increased 
intracranial pressure. It must be remembered that as the humoral 


aspect of hypertension is worked out it may be found that any large 
vascular bed may be under a humoral vasoconstrictor control quite inde- 


pendent of its own sympathetic innervation. 


In a previous report *5> it was demonstrated that total sympathectomy 
prevents the pressor response to increased intracranial pressure. The 
foregoing experiments have shown that total sympathectomy also 
prevents or abolishes for a time the elevation of blood pressure that 
follows section of the modulator nerves. Various types of localized 
sympathetic denervation have not prevented either of these types of 
neurogenic hypertension. It therefore seems likely that better results 
may be expected from total sympathectomy than from partial sympa- 
thectomy directed toward localized vascular beds, such as the splanchnic 
area. 

69. Freeman, N. E., and Jeffers, W. A.: Effect of Progressive Sympathectomy 


on Hypertension Produced by Increased Intracranial Pressure, Am. J. Physiol. 
128:662, 1940. 
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RENAL RICKETS 

Charnock ** stated that renal rickets is a disease of childhood in 
which chronic renal insufficiency is associated with osseous changes 
closely resembling those of late rickets. The clinical picture is that of a 
stunted, deformed child suffering from diminished renal function, severe 
acidosis and altered calcium-phosphorus metabolism. 

The renal lesions present a wide variety of conditions with reduction 
in functioning tissue the predominating picture. 

The bone changes affect principally the regions of the growth disks, 
with a general tendency to osteoporosis. The picture is one of calcium 
deficiency. 

Three etiologic theories are discussed: 1. The renal theory, which 
supposes that the waste phosphates ordinarily found in the urine may be 
excreted into the intestines and that these can interfere with the absorp- 
tion of calcium by the formation of insoluble calcium phosphates. 2. The 


theory that parathyroid hypertrophy is compensatory to the high level ot 
blood phosphorus and thus is secondary to the renal disease. 3. The 


52. Charnock, D. A.: Renal Rickets, J. Urol. 44:850-859 (Dec.) 1940. 
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theory of pituitary-diencephalic lesion. This would explain the entire 
clinical picture. It is suggested that an overlap of all these theories may 
eventually clear the etiologic difficulties. 
Treatment consists of combating the severe acidosis and relief of 
urinary obstruction. 
HYPERTENSION 


Crabtree and Chaset ** studied 150 approximately consecutive cases 
in which nephrectomy was performed. The conditions were representa- 
tive of severe unilateral renal damage. Hypertension was not common 
in the clinical picture in this group. Vascular changes, which have been 
considered causes of hypertension, were present in a high percentage of 
the cases. Elevation of blood pressure was not the rule, even with 
chronic pyelonephritis, in these cases. Nephrectomy was not followed 
by appreciable reduction in blood pressure readings before operation. 
The exact cause of renal (ischemic) hypertension is as yet unknown. 
The pathologic and anatomic elements seem less important than a physio- 
logic element as yet unknown. Evidence was not produced by this study 
to encourage employment of nephrectomy in cases of hypertension except 
for recognized surgical indications. 

Braasch, Walters and Hammer ™ stated that the incidence of hyper- 
tension in a group of 1,684 patients subjected to renal surgical operation 
was no higher than in a group of patients taken at random. In a study 
of the incidence of hypertension the factor of age is important. 

The renal lesion amenable to surgical treatment which occurs most 
often in association with hypertension is atrophic pyelonephritis. Hyper- 
tension afflicted 20 of 43 patients operated on for primary atrophic pyelo- 
nephritis, or 46.5 per cent. The incidence of hypertension is low in 
cases in which operation is performed for pyelonephritis without atrophy 
and sclerosis. Acute infection of the renal cortex or perinephric abscess 
is seldom a factor in causing hypertension. 

Hypertension was observed in 161 cases, or 20.3 per cent, of 793 
cases in which operation was performed for renal stone. The role of 
secondary infection is important, since hypertension occurred in 22.5 


per cent of cases in which infection was manifest and in only 5.7 per cent 
ot cases in which there was no infection. However, the deciding factor 


was not the degree of infection but the presence of extensive vascular 
sclerosis and parenchymal atrophy. 


53. Crabtree, E. G., and Chaset, N.: Vascular Nephritis and Hypertension: 
\ Combined Clinical and Clinicopathologic Study of One Hundred and Fifty 
Nephrectomized Patients, J. A. M. A. 115:1842-1846 (Nov. 30) 1940. 

34. Braasch, W. F.; Walters, W., and Hammer, H. J.: Hypertension and the 
Surgical Kidney, J. A. M. A. 115:1837-1841 (Nov. 30) 1940. 
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Hypertension was noted in approximately 14 per cent of cases of 
hydronephrosis without stone for which operation was performed. 

Hypertension was found in 38, or 27.7 per cent, of 137 cases in which 
operation was performed for renal adenocarcinoma. The comparatively 


high incidence of hypertension in this group of cases was increased by 


the factor of age, since 87 patients, or 63.5 per cent, were in the sixth 
decade of life or older. The exact influence of the neoplasm is obscure: 
the secretion of a pressor substance has been surmised, but corroboratory 
chemical and physiologic evidence is wanting. 

Hypertension may develop in a variable time after a previous con- 
servative renal operation. In many cases the blood pressure becomes 
normal after removal of the affected kidney. In every case of hyperten- 
sion in which there is a history of previous operation the possibility of 
postoperative nephrosclerosis must be considered. 

Renal insufficiency apparently is not a factor in causing hypertension. 

Back pressure resulting from renal stasis usually is not a factor in 
hypertension unless acute bilateral obstruction is present. 

A follow-up study was made in 198 cases in which hypertension was 
present and in which surgical operation was performed. The blood 
pressure became normal after operation in 65, or a third, of the cases 
and remained normal for a year or more. 

It may be predicated that hypertension will be relieved by surgical 
operation in approximately 70 per cent of cases in which it accompanies 
atrophic pyelonephritis, in 50 per cent of cases in which it is associated 
with renal tuberculosis and in 25 per cent of cases in which it is an 
accompaniment of renal stone, hydronephrosis or tumor. 

Although hypertension associated with surgical lesions of the kidney 
is more often relieved by nephrectomy than by conservative operation, 
the blood pressure often returned to normal after nephrolithotomy and 
renal drainage. 

Reduction in blood pressure may exist as long as a year or more after 
operation, and yet hypertension may return. This may be explained on 
the ground that a toxic or irritant lesion has been eliminated ; when the 
influence of such a lesion has worn off, the underlying essential hyper- 
tension reasserts itself. 

Braasch and Jacobson,®® in an analysis of 180 cases of chronic 
bilateral pyelonephritis, found an incidence of hypertension of 26.1 per 
cent, or an increase of 6 per cent over that found in their control group 
of cases. This increase was particularly prominent among patients with 
pyelonephritis who were less than 50 years of age; among these patients 
the incidence of hypertension was found to be almost twice that noted 


55. Braasch, W. F., and Jacobson, C. E.: Chronic Bilateral Pyelonephritis 
and Hypertension, J. Urol. 44:571-579 (Nov.) 1940. 
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‘1 the control group. The incidence of hypertension among the patients 
50 years or more of age was found to be approximately the same in the 
two groups. 

An apparent relation was found to exist between the incidence of 
hypertension and the duration of symptoms of pyelonephritis. Although 
ta snont cases the incidence of hypertension increased with the duration of 
symptoms, there were some cases in which the blood pressure remained 
normal after the pyelonephritis had existed for from fifteen to twenty 
years. 
| Apparently there is also a relation between the degree of pathologic 
change in the kidneys and ureters as evidenced by the degree of deformity 
in the urogram and the incidence of hypertension. The highest incidence 
occurs in those cases in which the pathologic changes are most marked. 

Impaired renal function does not necessarily imply the presence of 
hypertension. In fact, the blood pressure was normal in more than half 
of the cases in which impaired renal function was noted. However, 
hypertension was found twice as often in cases of impaired renal function 
as in those of normal renal function. 

In approximately 75 per cent of the cases of hypertension the systolic 
blood pressure was less than 180 mm. of mercury, and in only 4 cases 
was the systolic blood pressure more than 200 mm. of mercury. Thus, 
though it appears that pyelonephritis contributes to the incidence of 
hypertension, the hypertension occurring in these cases is usually com- 
paratively benign. 

Hypertension is occasionally observed in cases of mild or recurrent 
chronic pyelonephritis in which renal function is normal and there is no 
urographic deformity. From various clinical data, the hypertension 
appears to be of independent origin and may be termed “essential hyper- 
tension. 

Schroeder and Fish ** performed nephrectomy on 7 patients exhib- 
iting arterial hypertension associated with organic renal disease. Two 
were markedly improved and 2 slightly improved, but all had remained 
actually or potentially hypertensive. This form of therapy may prove 


of benefit, but, it seems, only in cases in which the existence of hyper- 
tension is of short duration and in which arteriolar sclerosis of the other 
kidney is not advanced. Its use is limited, therefore, to a small number 


Ot cases. 


Schroeder and Fish suggested the following criteria for selection of 
cases suitable for this form of therapy : 

Che onset of arterial hypertension should be known to have occurred 
recently. These authors placed the time arbitrarily at two years. 
96. Schroeder, H. A., and Fish, G. W.: Studies on “Essential” Hypertension : 


Il. The Effect of Nephrectomy upon Hypertension Associated with Organic Renal 
Disease, Am. J. M. Se. 199:601-616 (May) 1940. 
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The renal lesion should be confined to one kidney and should be 
that diminution of function has occurred in that kidney. 

Renal function, as measured by the ability of both kidneys to con- 
centrate urine and by the urea clearance test, should be within normal 
limits. 


such 


Retinitis shbuld be absent and changes in the caliber of the vessels 
of the retina minimal. 

Arterial pressure should be persistently elevated. 

These criteria were followed in only 1 case; in the others the patients 
had exhibited bilateral disease, hypertension of long duration or some 
diminution of renal function. Unless suitable cases are selected, many 
kidneys may be removed needlessly and without benefit. This experi- 
ence has served to suggest that when long-standing hypertension is. 
present or when a so-called malignant course has commenced this form 
of therapy is not wise. 

Dicker,*’ in discussing the reports of 2 cases, stated that only kidneys 
with restricted circulation can cause hypertension; all the other renal 
and urinary manifestations are secondary, independent and incapable of 
playing a part in the production and maintenance of hypertension. 

Campbell ** reviewed the records in 173 cases to determine the value 
of gradual decompression of the bladder. He reached the following 
conclusions : 

Gradual decompression is still a valuable procedure and is often life 
saving for the patient with prostatic disease who has chronic urinary 
retention with a systolic blood pressure of 160 mm. or more. 

Blood pressure is reliable as a guide to determine the necessity for 
decompression. 

Pyelonephritis, often pointed to as the actual cause of death, is 
undoubtedly a secondary complication precipitated by the too rapid 
evacuation of a chronically distended and infected bladder. 

Decompression is an invaluable procedure, indicated in a small group 
of cases not only to carry the patients through the initial crisis but to 
prepare them more adequately for operative procedures and their period 
of convalescence. 

A theory is advanced that hypertension occurs among a small group 
of patients with prostatic disease because of inability of the upper part of 
the urinary tract to dilate, due to an anatomic factor, namely, an intra- 
renal pelvis. 


57. Dicker, E.: The Role of the Kidney in the Pathogenesis of Arterial 
Hypertension, Am. J. M. Sc. 199:616-621 (May) 1940. 

58. Campbell, E. W.: The Significance of Hypertension in Prostatics with 
Chronic Urinary Retention, J. Urol. 45:70-81 (Jan.) 1941. 
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Bovd,®® in discussing Campbell’s article on the significance of hyper- 
tension in prostatics with chronic urinary retention, stated that he had 
seen 2 patients who had become seriously ill after sudden decompression 
and 1 patient who had died. In the 3 cases, of the patient who died and 
of the 2 patients whose bladders were inadvertently emptied of a large 
quantity of chronically retained urine, the bladders looked like purple 
velvet, edematous and ecchymotic. 

Chronic obstruction of the vesical neck is associated with thickening 
of the bladder and narrowing of the portion of the ureter as it passes 
through the bladder wall; then dilatation of the lower portion of the 
ureter, followed by ascending dilatation of the ureter, then of the kidney 
pelvis and finally of the calices. The result is impairment of renal func- 
tion due to arterial changes in the cortex of the kidney resulting from 
hydronephrosis, as Hinman has clearly demonstrated in his work on 
hydronephrosis. 


ANEURYSM OF THE ABDOMINAL AORTA SIMULATING UROLOGIC 
DISEASE 

Uhle ® discussed the etiology, pathogenesis and symptomatology of 
aneurysms of the abdominal aorta masquerading as primary urologic 
entities. The fundamental consideration of the history and physical 
examination is important and has been overlooked too often in cases in 
which aneurysm of the abdominal aorta simulates acute urologic crisis. 
Conditions simulating perinephritic abscess, renal. lithiasis, hydronephro- 
sis, renal tumor and perirenal hemorrhage from trauma have been cited. 

The abnormalities noted on physical examination require confirma- 
tion or additional diagnostic aid from cystoscopic and roentgen ray 
examinations. Erosion of the vertebral bodies should be searched for 
in every case in which the presence of aneurysm of the abdominal aorta is 
suspected. The importance of a lateral or a lateral-oblique roentgen view 
is emphasized. Exploratory operations in the absence of adequate study 
are to be condemned. 

Wesson, in discussing Uhle’s and Howard, Suby and Harberson’s 
articles on aneurysm, stated that before the day of the germ theory 
trauma was considered the cause of aneurysm, as it was the universal 
etiologic agent. Now it is recognized by practically all scientists that 
aneurysms are due to Spirochaeta pallida or to streptococci, and when- 


59. Boyd, M. L., in discussion on papers of Campbell,5* Peirson and Wilson 
and Kickham,3¢ J. Urol. 45:102-105 (Jan.) 1941. 

60. Uhle, C. A. W.: The Significance of Aneurysm of the Abdominal Aorta 
Masquerading as Primary Urologic Disease, J. Urol. 45:13-40 (Jan.) 1941. 

61. Wesson, M. B., in discussion on papers of Uhle,*° Howard, Suby and 
Harberson 1? and Prather, J. Urol. 45:65-67 (Jan.) 1941. 
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ever trauma is mentioned prominently as the cause of any disease it is as 
well to Be honest and to realize that the field of scientific discussion has 
been left and that the field of financial medicine has been entered. 

Wesson found only 35 cases of true renal aneurysm reported, and in 
9 of these the diagnosis had been made preoperatively. The term “false 
aneurysm” is misleading. The diagnosis should be expressed as a 
traumatic or spontaneous rupture of the kidney or artery with anatomic 
control of bleeding. 

Hematoma is a sign of various diseases of the blood vessels in the 
kidney substance, and is never due to aneurysm unless there is a rupture 
into the pelvis. 

When calcified aneurysmal dilatations are present they appear as 
signet ringlike shadows, which are quite dense. Small sections of the 
circumference are frequently invisible and usually represent the sites of 
junction of the lumens of the afferent and efferent parts of the vessel 
with that of the aneurysm. Since true aneurysms are practically always 
symptomless, the diagnoses have been made incidentally in the course 
of renal investigation. 

GLANDULAR THERAPY 


Pool, Cook and Kepler ** discussed the treatment of cryptorchidism, 
impotence and prostatic obstruction with (1) chorionic gonadotropin 
(A. P. L. was used), (2) extracts of the anterior lobe of the pituitary 
body, (3) pregnant mare’s serum and (4) testosterone propionate. 

These authors recommended intramuscular injections of chorionic 
gonadotropin in doses varying from 200 to 500 rat units once or twice 
weekly. This should be continued for from two to six months. They 
expressed the belief that the indications for the use of chorionic gonado- 
tropin in cases of cryptorchidism have not been established definitely and 
that cures have been attributed to glandular therapy when actually the 
patients never had cryptorchidism. 

They pointed out a serious objection to the use of testosterone 
propionate in that the compound tends to inhibit spermatogenesis. 

The etiology of impotence was discussed and tabes dorsalis, multiple 
sclerosis, transverse myelitis and lead poisoning were offered as examples 
of impotence on the basis of pathologic conditions that interfere with the 
afferent and efferent fibers that lead to a nervous center in the lumbar 
portion of the spinal cord. Diabetes mellitus and pernicious anemia als’ 
were offered as causes of impotence. Pituitary insufficiency that follows 
pituitary tumors also was offered as a cause of impotence, and finally 


62. Pool, T. L.; Cook, E. N., and Kepler, E. J.: Endocrine Therapy of 
Cryptorchidism, Impotence and Prostatic Obstruction, M. Clin. North America 


24:1057-1067 (July) 1940. 
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the other causes of impotence, such as castration and genital hypoplasia, 
were discussed. 

Pool, Cook and Kepler observed that the vast majority of patients 
who seek advice because of impotence do not have any demonstrable 
abnormality of either the genital or the endocrine organs. Skilful ques- 
tioning almost inevitably reveals the fact that this disability usually is 
essentially psychogenic. They concluded that endocrine therapy of 
psychic impotence is virtually worthless. 

Concerning the management of benign prostatic obstruction, they 
concluded that perhaps in the future men suffering from obstruction at 
the vesical neck may be relieved by some form of endocrine therapy. 
\t present the great majority of such patients will have to submit to 
operation. 

PERIRENAL INSUFFLATION 

Ajamil, Romeu, Vega and Montejo® presented their experience 
with perirenal insufflation performed 23 times in 19 cases. The pro- 
cedure was done on the right side in 16 cases and on the left in 7. Three 
accidents occurred, all on the right side; there were no deaths. 

They considered the procedure an exploratory operation that can be 
suitably practiced in numerous cases, but they stated that it has its 
dangers, at least with the technic employed at present. This technic 
must be studied to diminish accidents, and experienced surgeons should 
practice the exploration. The authors expressed the belief that the 
method should be used in all doubtful cases, especially in all those in 
which the presence of renal or pararenal tumors is suspected, when 
clinical, roentgen or urographic methods do not give an exact diagnosis. 

They expressed the opinion that perirenal insufflation must not be 
used in cases of pyonephrosis or suppurative lesions of the kidney or in 
those cases in which the urologic procedures actually used, such as 
roentgen and pyelographic examination, give a complete diagnosis. 

They did not recommend for this exploration the use of more than 
400 cc. of air or oxygen. 

Burhans reported on perirenal insufflation of air as an aid in urologic 
diagnosis, recording 10 cases to illustrate his data and to show the 
potential value of the method. 

After the usual sterilization of the skin in the lumbar region of an 
area extending from the costovertebral angle to the crest of the ilium, 
| per cent solution of procaine hydrochloride is infiltrated over the 
lumbar triangle. The insertion of a no. 24 spinal needle into the peri- 
renal space, with the tip of the needle held well posterior in order to 
avoid peritoneum and bowel, is the next step. Resistance to the needle 


63. Ajamil, L. F.; Romeu, J. G.; Vega, J. M., and Montejo, J. L.: The Role 
of Perirenal Insufflation in Urology, J. Urol. 44:607-617 (Nov.) 1940. 
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can be felt as it passes through the perirenal or Gerota’s fascia, The 
next step is to remove the stilet and aspirate with a 10 cc. syringe. Ifa 
perirenal abscess is present and accessible, pus will be obtained. If the 
needle strikes the kidney proper or a blood vessel, blood will be obtained. 
Under the latter circumstances the needle should be withdrawn and 
reinserted more posteriorly. Air is then injected into the perirenal area 
until the patient complains of lumbar fulness and pressure along the 
fascial layers which extend down into the groin. Usually 30 to 50 cc. of 
air is used, but at times up to 500 cc. may be injected. 

Roentgen exposures have been made in a variety of ways, but the 
following procedure has been adopted of late: (1) plain urogram; (2) 
optional, but preferable, intravenous or retrograde pyelograms, prior to 
the insufflation study; (3) aspiration and insufflation of air, and (4) 
roentgenograms taken in the anteroposterior and semilateral positions, 
with direct lateral exposures for visualization of the postrenal space. 

Burhans “ had not experienced any disabling difficulties from this 
procedure, such as air embolism, possibly because of the fact that he had 
been extremely careful in inserting the needle and aspirating to be sure 
that a blood vessel or the kidney itself had not been punctured; also, 
owing to the fact that he never injected air into the cavity unless the piston 
of the syringe slid easily without pressure. He expressed the belief that 
in order to produce an air embolism air must be injected directly into a 
vessel or must be present in an area under pressure so that it passes 
into a vessel. 

Moore ® stated that perirenal insufflation of air combined with 
roentgen studies is a procedure which has not been employed to the 
extent that it deserves as a diagnostic aid. 

He had endeavored to demonstrate the thickness of the renal 
parenchyma in the presence of hydronephrosis by combining perirenal 
insufflation with pneumopyelography. It is generally known that the 
excretory dye tests for renal function are not entirely dependable in 
cases of hydronephrosis. In certain cases in which such tests have 
indicated an absence of function, subsequent exploration may reveal 
sufficient remaining renal parenchyma to justify a conservative procedure 
rather than nephrectomy. In such a case it may be seen that the thick- 
ness of the renal cortex in the region of the upper pole is approximately 
1 mm.; it is less than 1 cm. in its thickest portion, near the lower pole 
In Moore’s experience in cases of this type there was no. demonstrable 
function by the usual dye tests, and convincing additional evidence was 
conveyed by the roentgenograms that a conservative plastic operation 


64. Burhans, R. A.: Perirenal Air Insufflation: An Aid in Urological Diag- 
nosis, J. Urol. 44:618-634 (Nov.) 1940. 
65. Moore, T. D., in discussion on Burhans,** pp. 635-636. 
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was hardly worth while, although the opposite hydronephrotic kidney 
previously had been restored practically to normal by such a conservative 
operation. 

In the employment of insufflation of air a blunt-tipped needle is 
desirable, as it is less likely to pierce a vessel. The air injected might 
be compared to subcutaneous emphysema. The last-mentioned con- 
dition, even when extensive, is not considered a particularly dangerous 
complication. It might be mentioned, however, that the employment 
of insufflation of air as an office procedure is not recommended because 
of the occasional painful reaction. 

Hand * expressed the belief that in problems of precocity, pseudo- 
hermaphrodism, hirsutism and masculinism, when studies of the ovaries 
and pituitary have been completed, the risk involved in arriving at a 
diagnosis of an adrenal tumor by perirenal injection of air is one that 
may well be assumed. The risk, however, should not be underestimated, 
as one will readily realize from a review of the recent literature. Hand 
had made perirenal air injections for the study of the adrenal gland in 7 
cases. In 1 an adrenal tumor was clearly outlined. In the 6 cases in 
which the results were negative, the films will be of value for compara- 
tive purposes as further studies are made. 

In the problem of carcinoma of the kidney there are two circum- 
stances that would deter Hand from the use of perirenal injection of 
air. The first circumstance is the increased risk involved in making a 
perirenal injection of air in the presence of the large dilated veins that 
so often accompany the development of collateral circulation in these 
tumors. The second is that the data obtained by perirenal injection, 
which suggest that perirenal infiltration of the tumor has occurred, 
cannot be used as criteria for the operability of renal carcinoma. Hand 
said this because of the following facts: In 1930 he made a study of 193 
cases in which nephrectomy had been carried out for carcinoma of the 
kidney at the Mayo Clinic. Of the 193 patients subjected to nephrec- 
tomy, 24 had lived for ten years or more. The perirenal tissues were 
involved in 16 (66 per cent) of these cases. It would indeed have been 
tragic if the right to exploratory operation had been denied to any of 
these fortunate persons. 

Jeck * stated that for the last two years perirenal insufflation had 
been employed in the urologic service at Bellevue for conditions other 
than adrenal tumors and that it had proved to be of considerable value. 
However, he sounded a note of warning, chiefly because of one experi- 
ence that almost resulted fatally. The test commonly émployed to 
ascertain whether the needle has entered a blood vessel is not necessarily 


ee 


66. Hand, J. R., in discussion on Burhans,®* pp. 636-637. 
67. Jeck, H. S., in discussion on Burhans,®4 pp. 637-638. 
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reliable ; that is, the practice of aspiration to see if there is blood, imme- 
diately after the needle is introduced. 

The patient in question was a man of about 50 years who had a very 
large mass in his right loin. The urograms did not explain the condition 
to Jeck’s complete satisfaction, and he thought that injection of air might 
help. This procedure was tried in the usual manner, with introduction 
of the needle, apparently in the proper place, and then aspiration. No 
blood was obtained, and about 100 cc. of air was injected. The patient 
rapidly became cyanotic and dyspneic. The needle was withdrawn at 
once, and supportive measures were given; after about ten minutes of 
restorative treatment the patient was apparently out of danger. 

Not satisfied with that experience, Jeck made another attempt at 
injection of air about two weeks later. The same thing happened, except 
that on this second occasion the patient looked as though he were most 
assuredly going to die at once. He recovered again, and it was decided 
not to repeat the injection of air in his case. 

A few days later a transperitoneal exploratory operation was per- 
formed under local anesthesia. A very large retrorenal mass was found, 
part of which evidently had broken down, because a large pocket was 
encountered in which there was observed first old blood and then some 
very fresh blood. 

The patient died about four months after the exploration. Necropsy 
revealed an enormous sarcoma behind the kidney. The kidney was 
apparently normal except that it had suffered from pressure. And, 
although Jeck had no definite proof that the needles used in the injection 
of air had entered directly into the sarcoma, it was evident that such was 
the case. The direction in which the needles had been introduced, the 
depth of their penetration and the fact that the sarcomatous mass was 
jammed tightly against the loin made it evident that on both occasions 
the needles had entered the growth itself. 

Fish’s ® experience with air insufflation dated back to 1926, at which 
time he began to use this method. Since that time he had employed it in 
more than 400 cases. No accidents occurred from 1926 to 1937. During 
the latter year death occurred in 2 of his cases, in each of which the 
disease was an inoperable malignant tumor. So far as could be deter- 
mined at necropsy, hemorrhage had not taken place about the site of 
injection of air. Subsequently Fish employed oxygen, because he believed 
that it is absorbed more readily and that perhaps nitrogen in the air is 


the fatal element in producing the embolus. 


68. Fish, G. W., in discussion on Burhans,** p. 638. 
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URINARY ANTISEPTICS 

Emmett and Hammer ® made a study of the prophylactic use of 
sulfanilamide to control postoperative infection of the urinary tract. The 
study was carried out over a period of approximately nine months. The 
routine procedure adopted was as follows: On the day of the operation 
200 cc. of an 0.8 per cent solution of sulfanilamide (25 grains; 1.6 Gm.) 
was given subcutaneously. This was repeated daily until the patient 
could tolerate tablets by mouth, at which time the subcutaneous admin- 
istration of the drug was stopped and the patient was given 15 grains 
(1 Gm.) daily by mouth in divided doses of 5 grains (0.3 Gm.). In most 
cases oral administration could be begun on the third postoperative day. 
If catheterization had not become necessary by the end of the fourth post- 
operative day, the doses of sulfanilamide were discontinued. If catheter- 
ization had been necessary by this time or if a retention catheter was in 
place, administration of sulfanilamide was continued until the patient 
leit the hospital. 

A total of 514 surgical cases were studied. In 262 of these catheter- 
ization was required postoperatively. The efficacy of treatment was 
based solely on the amount of pus found by microscopic examination 
of the wet smear of a centrifuged catheterized specimen of urine obtained 
after the patient was dismissed from the hospital. 


The incidence of postoperative urinary infection in patients receiving 


the complete prescribed prophylactic treatment with sulfanilamide was 
only 25 per cent, while in the group which received no such treatment 
it was 72.5 per cent. The incidence of postoperative infection of the 
urinary tract among the patients who received incomplete treatment was 
37 per cent. 

Struck with the frequency of stitch hole infections and minor break- 
downs, particularly in plastic operations on the penis, Young, Hill and 
Semans *° decided to try to prevent these occurrences by administering 
sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazole) before opera- 
tion and continuing to administer the drug afterward for various periods. 
Although some of the patients were very young children, no serious 
reactions were encountered. It generally was possible to give the drug 
without interruption as long as it seemed desirable. The results obtained 
in 12 cases demonstrated conclusively that by the use of sulfathiazole it 
is possible to obtain much better healing than heretofore in a large 
proportion of cases. In addition, it was shown that even when there 


69. Emmett, J. L., and Hammer, H. J.: Prophylactic Use of Sulfanilamide to 
Control Postoperative Infection of the Urinary Tract, Proc. Staff Meet., Mayo 
Clin. 15:801-806 (Dec. 18) 1940. 

70. Young, H. H.; Hill, J. H., and Semans, J. H.: Use of Sulfathiazole Before 


and After Urologic Operations to Prevent or Combat Infection, J. Urol. 44:714- 
725 (Nov.) 1940. 
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had been a small breakdown, under continued therapy with sulfathiazole 
healing had sometimes taken place, even without the formation of 4 
fistula. In some cases they placed a silver clip to approximate the edges 
of the breakdown in the skin. Never in their previous experience had 
this been possible. 

Helmholz ** stated that sulfathiazole is bactericidal for six of the 
commonest bacteria found in urinary infections. A concentration oj 
200 mg. per hundred cubic centimeters should prove sufficient for the 
cure of practically all infections except those due to Pseudomonas, which 
will probably require 300 mg. per hundred cubic centimeters. The 
effectiveness of the drug for the various bacteria on an ascending 
scale is as follows: Pseudomonas aeruginosa, Streptococcus faecalis, 
Escherichia coli, Aerobacter aerogenes, Proteus ammoniae and Staphylo- 
coccus aureus. The bactericidal range is from 300 to 25 mg. per hundred 
cubic centimeters. There is some variation in the effect of the drug at 
various fH levels, particularly marked with Str. faecalis. 


URINARY INFECTION 


Cook ** considered the treatment of resistant infection in the urinary 
tract. He pointed out that physicians no longer are attempting to 
eradicate an existing infection without satisfactory knowledge of the 
type of infection present and without understanding the contributing 
pathologic processes in the urinary tract and elsewhere. He concluded 
from this fact that complete urologic examination is necessary in all 
cases in which the patients do not respond to simple therapy. 

Cook advised caution in the use of mandelic acid in cases of impaired 
renal function and suggested sulfanilamide in some of these cases, the 
drug to be given subcutaneously if it is not tolerated by mouth. Azo- 
sulfamide should be used if the latter is not tolerated. Chronic infections 
in the urinary tract may be cleared up only after foci of chronic infection 
elsewhere in the body are likewise cleared of infection. It was pointed 
out that in the treatment of hydronephrosis when marked infection is 
present it is necessary in some cases to perform a plastic operation to 
insure adequate drainage before the infection can be eradicated. 

The treatment of pyelonephritis associated with calculi is difficult, 
and here again it may be necessary to resort to surgical operation and 
removal of the calculi before the infection can be cleared up. In some 
of these cases of marked infection the use of a nephrostomy tube may 
be required. Nephrostomy tubes later may be irrigated with various 


71. Helmholz, H. F.: The Use of Sulfathiazole as a Urinary Antiseptic, J. Ur ) 
45:135-145 (Jan.) 1941. 

72. Cook, E. N.: The Treatment of Resistant Infection in the Urinary Tract, 
J. Urol. 44:191-199 (Aug.) 1940. 
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<olutions, such as acetic acid (1: 3,000) or 0.25 to 1 per cent phosphoric 
acid. The use of 1 ounce (29.5 cc.) of an elixir of aminoacetic acid 
(56 grains to the ounce [3.6 Gm.]) and 4 Gm. (60 grains) of sodium 
benzoate daily by mouth is helpful at times in decreasing the tendency 
to form calculi. Patients who have atrophic pyelonephritis usually 
require nephrectomy to clear up the infection, assuming that they are 
having symptoms. 

Cook stressed the importance of continued treatment of patients 
who have cystitis, as the cystitis may recur if the treatment is not given 
over a long enough period. In addition to chemotherapy, local treatment 
to the bladder (1) by lavage with solution of boric acid, 1 : 8,000 solution 
of potassium permanganate, 0.8 per cent solution of sulfanilamide in 
physiologic solution of sodium chloride or 1: 3,000 solution of acetic 
acid or (2) by instillation of 7 per cent silver iodide or a solution of 5 
per cent mild protein silver may give marked symptomatic relief. In 
the treatment of cystitis with incrustations the procedure of choice is 
use of the cystoscope with the patient under anesthesia and topical 
application of a 20 to 40 per cent solution of silver nitrate. After this 
a two way indwelling catheter is inserted into the bladder and a solution 
of silver nitrate starting with a strength of 1: 10,000 is used for con- 
tinuous irrigation for forty-eight to ninety-six hours, the strength being 
gradually increased to 1:1,000. Finally, it may be necessary to do 
a suprapubic cystostomy, leaving the tube in place for eight to nine 
months in order to allow the infection to subside and thus make the 
patient more comfortable. There are patients who, according to Cook, 
are frequently overlooked, who have obstruction of the vesical neck. 
These patients should be treated by transurethral sphincterotomy or 
resection of the vesical neck. 

For chronic infections of the prostate gland Cook recommended a 
regular course of massage carried out two or three times weekly for 
eight to twelve weeks. Foci of infection should be excluded, and, finally, 
it may be necessary to open some chronic ductal abscesses in the prostate 
gland, whether or not calculi are present in the prostate. 

Chronic urethritis in the female is also a difficult lesion to treat. It 
is best treated by daily application of a urethral tampon saturated with 
a solution of 2 to 5 per cent strong silver protein for six to ten days. 
This treatment should be accompanied with occasional dilatation of the 
urethra with a no. 32 F. sound. It may be necessary to repeat these 
procedures in six to eight weeks. The application of a soothing oint- 
ment to the urethral meatus is also helpful. 

Cook divided the more common infections of the urinary tract, 


excluding tuberculosis, into two main groups: (1) those produced by 
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a bacillus and (2) those produced by a coccus. There is, however, a 
third group in which no bacteria can be found even after repeated tests. 
He also pointed out that there is a tremendous variance in the virulence 
of different strains of the same organism, as well as in the virulence of 
different organisms. Furthermore, there is a great variation in the 
resistance of patients to disease, and these two factors are important in 
the treatment and management of chronic infections in the urinary tract. 

Yeaw ** investigated the lower limit of pH at which growth can occur 
in urine in vitro for several bacterial species isolated from infections 
of the urinary tract. A pH level at which death always occurred and a 
“critical level” at which stasis occurred were estimated for each 
organism. The conclusions were as follows: 

Normal urine is a good culture medium at upper normal /H levels. 
The urinary pH is relatively stable if the urine is sterile. 

The pu level at which death occurs in vitro is at or below the lowest 
pu levels obtainable by medication for all organisms tested except 
Streptococcus haemolyticus and Streptococcus viridans. However, stasis 
occurs at or above this level for all the organisms except E. coli and A. 
aerogenes. It is thus theoretically possible to make the urine 
bacteriostatic, by acidification alone, for all the organisms tested except 
E. coli and A. aerogenes. Bactericidal levels can be reached in this way 
only for the streptococci. Nevertheless, since infection should be con- 
trolled by inhibition of bacterial growth, the pu levels for stasis may be 
clinically as significant as those necessary to produce death. 

In practice, acidification as the sole therapeutic agent has been found 
useful in some cases. Theoretically its most important use would seem 
to be prophylactic rather than therapeutic. Indications for its prophy- 
lactic application were discussed. 


TUBERCULOUS BACILLURIA 


Negley and Bogen “ stated that pitfalls leading both to false positive 
and to erroneous negative reports must be avoided in examining for 
tuberculous bacilluria. Voided specimens and other urine in contact 
with sources of contamination, inadequate decolorization or incorrect 
identification may yield false positive data, while insufficient specimens, 
incomplete staining or excessive decolorization or counterstaining, hasty 
examination and the omission of concentration, culture and animal 
inoculation technics may result in the overlooking of organisms actually 
present. 


73. Yeaw, R. C.: The Effect of pu on the Growth of Bacteria in Urine, J. Urol. 
44:699-712 (Nov.) 1940. 

74. Negley, J. C., and Bogen, E.: The Tuberculin Skin Test in Guinea Pigs 
Injected with Suspected Urine Sediment, J. Urol. 44:860-863 (Dec.) 1940. 
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The inoculation of urinary sediment into guinea pigs is a more 
sensitive and reliable test than are microscopic or cultural methods for 
the detection of tubercle bacilli, but is much slower. The use of the 
tuberculin cutaneous test in these animals greatly shortens the time 
required. A cutaneous test with 5 mg. of old tuberculin injected 
intracutaneously in a guinea pig reveals the presence or absence of 
tuberculous infection in 99 per cent of the animals tested within a 
month of the date of inoculation. 


ANESTHESIA 

Engel, Cushnie, Livingstone and Shank * presented their results 
with various anesthetics in a series of 2,059 consecutive operations on 
the genitourinary tract. 

Morphine sulfate, 0.010 or 0.015 Gm., given one hour before opera- 
tion, was generally used for adults before inhalation anesthesia. Resistant 
patients also received pentobarbital sodium or sodium phenobarbital, the 
doses being chosen individually. Children received codeine sulfate or 
one of the barbiturates, alone or in combination. For spinal anesthesia, 
0.010 Gm. of morphine sulfate hardly ever was exceeded. 

Procaine crystals were used exclusively for spinal anesthesia opera- 
tions on the genitourinary tract. The amount varied depending on the 
desired level of anesthesia and the presumable duration of the operation. 
For cystoscopies and endovesical operations the average amount was 
75 to 120 mg. of procaine hydrochloride dissolved in 2.5 to 3 cc. of spinal 
fluid. For suprapubic procedures 120 to 150 mg. procaine hydrochloride 
in 4 cc. of spinal fluid was employed. The lumbar puncture was usually 
performed between the third and the fourth lumbar vertebra. Except 
for patients with hypertension, ephedrine sulfate, 0.048 Gm., was 
administered hypodermically before the spinal anesthetic was given. 
Hypertensive patients received half the dose of ephedrine or none, 
depending on the degree of hypertension. Patients with hypotension 
were given double the aforementioned amount of ephedrine, and the 
spinal anesthetic was not administered unless a satisfactory response 
was obtained. In the 764 instances in which a spinal anesthetic was 
administered in this series of cases, 91 patients received no ephedrine 
before anesthesia. 


Engel, Cushnie, Livingstone and Shank expressed the opinion that 
an ethylene-oxygen mixture is the anesthetic of choice for renal opera- 
ti ns. It is free from toxic effects on the kidneys, heart and circulation 
il anoxia is prevented. It is potent enough to allow a sufficient per- 


es 


75. Engel, R.: Cushnie, E. : Livingstone, H., and Shank, I.: Anesthetic Results 


: Urogenital Surgery: A Report of 2,059 Operations. J. Urol. 45:124-134 (Jan.) 
941. 
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centage of oxygen. The patient who has diabetes or pulmonary disease 
is not harmed by it. Since cautery is not employed in’ this type of 
surgical procedure, the danger of explosion does not contraindicate the 
use of ethylene and oxygen, provided due precaution is taken to prevent 
static sparks. 

Ethylene-oxygen anesthesia alone was used in more than four fifths 
of all cases in which renal operations were performed, that is, 359 times. 
A small quantity of ether had to be added in 64 instances to obtain 
surgical anesthesia. In only 12 cases were spinal anesthetics given fo: 
renal surgical operations. These were cases in which it was assumed 
that surgical anesthesia could not be established without the addition oj 
large amounts of ether and cases in which the use of ether was contra- 
indicated. The high level of anesthesia required frequently causes a 
fall in blood pressure and depresses respiration. 

Suprapubic cystotomy, if used as the first stage of suprapubic 
prostatectomy, usually is performed with local infiltration anesthesia 
In the majority of cases the patients are aged and in poor general con- 
dition. Spinal anesthesia was chosen for cystotomy with endovesical 
surgical operation in which the electric cautery was employed and when 
good relaxation was essential. In this series suprapubic prostatectom 
was performed more frequently with ethylene-oxygen anesthesia 
Encouraged by favorable results in other fields with spinal anesthesia, 
the authors recently had employed this method with satisfactory results 
in an increasing number of suprapubic prostatectomies. 

Nitrogen monoxide and oxygen anesthesia was employed for simple 
cystoscopy when relaxation was not required. Cystoscopy with endo- 
vesical surgical procedure, as well as most of the intraurethral pro 
cedures, was performed with spinal anesthesia. If inhalation anesthesia 
was necessary, nitrogen monoxide and oxygen was used because of the 
hazard of explosion from the electrical devices employed. Practically 
all of the transurethral electroresections of the prostate were performed 
under spinal anesthesia. Several years ago, transsacral-caudal blocks 
were employed but were abandoned in favor of spinal anesthesia because 
the surgeon believed the position necessary for their induction to be 
inadvisable for elderly patients who were poor risks. This method also 
was somewhat more time consuming and painful than spinal anesthesia 

A study of the risks, the anesthetic agents and the complications 
which occurred during operation in the respective groups revealed 
interesting facts. The administration of stimulating drugs, which was 
made necessary by the patient’s condition, is the index of the incidence 
of fall in blood pressure, or so-called shock, in the group in which spinal 
anesthesia was used. 


There was a low incidence of postoperative pneumonia after spinal 
anesthesia. Hemorrhage and shock occurred in about the same pet- 
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centage in both anesthetic groups. The high incidence of uremia after 
general anesthesia seemed to be due to the fact that the type of operation 
most frequently complicated by uremia was performed under general 
anesthesia. It is interesting to note that in no case did coronary occlusion 
follow spinal anesthesia, in spite of the fact that a large number of 
patients had cardiovascular disease. 

~The total mortality rate was 2.3 per cent. The greatest number 
of deaths (5 per cent) occurred after operations performed under local 
anesthesia. Local anesthesia had been employed because of the serious 
condition of the patients, as comparison with the preoperative risks 
suggests. 

The higher incidence of deaths from heart failure after inhalation 
anesthesia than after spinal anesthesia is interesting. Anoxemia pro- 
duced when the patient was under nitrogen monoxide and oxygen 
anesthesia was the contributing factor in 1 death. More deaths occurred 
from pneumonia after spinal anesthesia than after inhalation anesthesia. 
In the majority of instances, however, the pneumonia was terminal. 


ANESTHETIC EFFECT OF PYRIDIUM 

Morrissey and Spinelli *® studied a series of 103 cases of common 
urogenital infections to determine the analgesic effects of pyridium 
(phenylazo-a-a-diaminopyridine monohydrochloride). The relief of the 
distressing subjective symptoms of common urogenital infections, such 
as dysuria, pollakiuria, incontinence, backache at a low level, pain in 
the costovertebral triangle, pain in the region of the ureter, suprapubic 
pain, and various referred pains, was evaluated. 

A series of 19 urologic surgical cases was studied for the effects 
of pyridium on preoperative and postoperative subjective symptoms. In 
these cases wound anesthesia and general analgesia were produced to 
such a degree that the need for narcotics was minimal. 

A series of 130 cases was studied to determine the local analgesic 
effects of pyridium during diagnostic instrumentation. The results were 
stated to be adequate and satisfactory. 


SACRAL ANESTHESIA 


Tuohy and Adams * described sacral block anesthesia with special 
relerence to urologic practice. They found that this anesthesia is 


indicated for transurethral operations and cystoscopic procedures, 
especially for patients who are debilitated and who are not considered 


76. Morrissey, J. H., and Spinelli, A. N.: An Experimental Study of the 
Anesthetic and Analgesic Properties of Pyridium, J. Urol. 44:381-385 (Sept.) 1940. 
7. Tuohy, E. B., and Adams, R. C.: Sacral Block Anesthesia, with Special 
Reference to Urologic Practice, Anesth. & Analg. 19:291-292 (Sept.-Oct.) 1940. 
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good surgical risks. The advantages are: (1) less fluctuation in systolic 
blood pressure; (2) less danger of development of surgical shock, and 
(3) less nausea and vomiting. The disadvantages are: (1) delayed or 
incomplete anesthesia and (2) priapism in male patients. They recom- 
mended the use of metycaine for injection and claimed that it is no more 
toxic than procaine. 
GENITOURINARY ALLERGY 

Johnson ** stated that there are urologic symptoms which appear to 
be correlated with other conditions having an allergic basis and that 
treatment of the allergy should be undertaken by the urologist when 
such conditions directly affect the relief of recurrent genitourinary 
symptoms. 

Allergy is not a specific protein sensitization but a constitutional 
state of hypersensitivity or lowered resistance, produced 
avitaminosis associated with disturbed mineral metabolism. 

Local or general symptoms of allergy are provoked by increased 
absorption, retention or failure of the body properly to detoxify the 
toxic amino acids, chief among which is histamine. 


by an 


Relief of the allergic state is not dependent on specific protein 
desensitization but more logically should be brought about through 
replacement of deficiencies ascertained in the individual case, not onl) 
by balancing the diet but by mineral and vitamin therapy. 


Histaminase is the natural enzyme neutralizing histamine and is 
derived from the intestinal mucosa and the liver, which are the natural 
detoxifying agents of the body, acting as a protective phenomenon 
against the absorption of the toxic products of putrefaction from the 
intestinal tract. Histamine desensitization therapy for the relief of 
allergic symptoms is more logical than the older method of desensitizing 
against specific proteins, principally because it does not interfere 
with the normal balanced diet so essential in these cases, nor does it 
interfere with the economic and geographic environment of the patient. 


ARTIFICIAL DIURESIS 


Helmholz and Bollman,”® in an experimental study, attempted to 
find what solution producing minimal harm to the tissues produces the 
maximal diuresis. Rabbits were the experimental animals, and solutions 
of sucrose, dextrose, sorbitol, urea and sodium sulfate were used. 


78. Johnson, H. McC.: Histaminase and Histamin Desensitization in Genito- 
Urinary Allergy, J. Urol. 43:891-905 (June) 1940. 

79. Helmholz, H. F., and Bollman, J. L.: The Intravenous Administration of 
Sucrose Solutions as a Means of Producing Intense Diuresis, J. Lab. & Clin. Med. 
25:1180-1187 (Aug.) 1940. 
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Diuresis was obtained by intravenous injection of 20 per cent solu- 
tions of sucrose. Marked hydropic degeneration of the convoluted 
tubules occurred, and in twenty-four to forty-eight hours there was 
marked lowering of the content of phenolsulfonphthalein and temporary 


anuria occasionally developed. These changes produced no permanent 
damage, however, and after thirty-nine days the kidney could not be 
distinguished grossly or microscopically from a normal kidney. Sodium 
sulfate, urea, dextrose and sorbitol equivalent to 20 per cent sucrose 
produced less diuresis in every case. With the exception of sorbitol, 
all were definitely more toxic than sucrose. To avoid lethal effects of 
intense diuresis it was found that 8 per cent sucrose solution in one-half 
strength Ringer’s solution should be used. 





Correspondence 


AN APOLOGY 


To the Editor:—Our attention has been called to the fact that in our paper 
“Vertebral Compression Fractures Sustained During Convulsions,” in the March 
issue (ArcH. SurG. 42:550, 1941), we used material from an article by Dr. 0. 
Theodore Roberg Jr. which appeared in the July 1937 issue of the Journal of 
Bone and Joint Surgery without giving credit to the author. 

We wish to apologize for our action, which would appear to be deliberate 
plagiarism. The original manuscript, prepared by Dr. Androp in longhand, 
shows quotation marks before and after the material quoted. Our intention was 
to give Dr. Roberg full credit, but the quotation marks were inadvertently 
omitted in the typing of the material from the longhand manuscript. 
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